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ON THE “ECONOMIC ANGLES” OR PROPORTIONS OF FRAMED CONSTRUCTIONS. 


ART 1.—To ascertain the most economical or best arrangement 
of the parts in any construction, we must, in the first place, de- 
termine what are the qualities chiefly desired in the particular 
circumstances. It may be that we have to attend to the conside- 
ration of cost alone, or weight of atructure, or ite bulk, or some 
Mee dar combination of these qualities, and which is to be ren- 

a minimum. 


Let, then, a represent the cost or weight, or bulk of such a 
quantity of any material as will be capable of conveying a unit 
of stress through a unit of distance; thus for example, a, may re- 

t in some of these forms the quantity of material contained 
in a tie-rod measuring one foot long and capable of safely with- 
standing a working stress of one ton. In the subjoined table we 
offer some approximate values of a for various materials used for 
ties and strats, but these are given more for the sake of affording 
a clearer idea of the meaning of the symbol a than for any merit 
they may otherwise possess. These values are given under the 
heads of cost, weight, and bulk —those under the first head must be 
varied to suit the prices in different localities. When regard is 
had to more than one of these qualities, the value of a must be 
modified accordingly; thus, for instance, in the case of an elevated 
structure to be erected abroad, and where it will be exposed to 

es, we must not alone consider the simple cost of the fabric in 
etermining upon its proportions, but must also have regard to 
bulk on account of the greater resistance to the wind, and the 
greater expense for freight and painting. 
Table of the values of “a” for Ties and Struts one foot long subjected to 
a working stress of one ton. 


a when oost| a when weight) a when bulb 
is alone 


Material, &o. is alone is 

terial, considered, ered, Poole si) 5 

TBs. £ Bterling. Tons. Cubic Feet, 
Wrought Iron .. 00060 0-000830 0-0014 
Wire Eope 0°0075 0°00018 0-0009 
Steel  ... 0*0050 0*00012 0°0006 
Rope... 0-0090 0-00030 0°0104 
Fir Timber 0°0013 0:00017 0:0104 
Cast Iron - 0:0100 0-00100 0°0046 

STRUTS. 

Cast Iron, short ... ... .. ..] 0:0014 0-00014 0-0007 
Do. 20 diameters in length ...| 0:0035 0°00085 0*0018 
Wrought Iron, short .. . ..] 0:0075 0-00038 0:0018 
Do. 20 diameters in length 0-0100 0° 00050 0-0023 
Fir Timber .. .. .. 0°0026 0-000385 0:0210 
Do. 20 diameters in length ...| 0°0040 0: 00053 0-0315 
Brickwork of moderate height ...| 00060 0-00700 0°1400 
Granite ditto... 0. 2... ..] 0:0042 0-00105 0-0140 


Again, the values of a given in the table are for the simple tie 
or strut without any addition for those joints and extra stiffening 
framings which vary with the length and stress of the piece. The 
correct value a, to be used in the formule must be made to in- 
clude an allowance for all such added Those parts which 
do not so vary, but are of a fixed amount, do not affect the ques- 
tion of economic proportions, and are therefore excluded from 
the calculationa. i 

2.—The standard of merit, in an economic sense, of any mate- 
rial when it has to resist longitudinal stress, or in other words, 
its relative value in framed constructions when it has to act as a 


strut or a tie, will be represented by i . And if in a strat or 


tie the total streas be represented by P, and the length by L, then 
the total cost or weight or bulk (whichever may be denoted by a), 
of the one strut or tie, in so far as that affects the economic angles, 
will be=a=PLa. . 

Now, the object sought in the following investigations is to re- 


' duce the sum, which we may put =A, of all the values of a for 


the several parta of a structure, to a minimum. 
A=za,+4,+A, &c.— P L a+ P,L;a; t P4Laa, &c. 

3.—To show more clearly the use of the table and symbols, let 
us take the example, Fig. 1, where w is a weight of 10 tons, sup- 

rted by the mutual action of the wrought-iron tie we 10 feet 
ong, and the timber (fir) strut wb. The cost alone to be considered, 
ud all parts beyond the points t, c, and 6, to be constant, and 
therefore not taken into account in the calculation of the economic 
value of the angle 8. 

By the table we find the value of a, for the iron tie=£0:006, 
also, a, for the strut—.£0.004. Now (in Art 9 following) we have 
this formula for the value of angle 8 


tan B=, / 20, 
a, 


substituting the above values of a, and a, we get angle 8=57° 41’. 

and a—32? 19' .. 

of 1£5—10, sec B—1871 
ore, 


Stress on strut wb=w sec 411.83 tons, len 


Stress on tie vc—w tan a= 6°38 tons. 
—§ A-—PLa- 633x10 x0008—0380] _ p.. 

Az f FA, PjLya;—11:83X 1871X0004 —0:855 } = £1265 

Of course the total cost would require an addition to be made to 
this to cover the expense of fixing in the wall, the ends, and the 
connection at w; but this is not the subject of calculation here. 

Should some other value than 57° 41’ be insisted on for the 
angle 8, a more or less augmented value of A would result, as 
shown in this table:— 


1 
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le B. Cost, or A. 
65 0’ Mes 1:824 
57° 41’ m 1:265 
45? 0' oss 1:400 
309? 0’ Se WA 1:968 
4.—Let abcd, Fig. 2, be the whole, or the half of a framing, and 


Let the values of A for de, ab, bw and bc be respectively = a. A, 
Let the values of a for the same be x3 = duis a, 
Then we have: 
Aw cot dx(m-n).a, 
AJ tamu cot xm m 
Tage Xn tan b.a, 
+4,=w cosec $ Xn Bec $.a, 
Dividing by v, differentiating, dividing by d$, putting the result 
=0 for a minimum, and transposing, we get 


ma,-+na,+ma,+na, — nana; 


Mag aly Mando 
m 
tan $ = m (a, 3-23) +a, a, + (1) 
asta, 
When a for both ties is the same, we may substitute a, for a,; and 


when a for the two struts is the same, we may substitute a, for a,. 


Fig. 1. 
When such is the case, we have - 


tan $— m. 
$ A2 DITE 


And if m= n, $—54? 44' as in Fig. 3 
» m-in,$—50? 46’ as in Fig. 4 
» m= 0,045? 0'as in Fig. 5 
When the framing is deprived of the tie bw, the weight w being 


7 


wa (2) 
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m 
Duc Vi ae (8) 
a,+4, 
And when a,=a,, this becomes 
: m+n 
ii dcc p d 
"ing 
And if m=4n, and a,==a, $—40? 54’ as in Fig. 8. 
» m= 0,and a4—a, $—30? 16 as in Fig. 9. 
When the framing is deprived of both the ties de and bw, for- 
mula (1) becomes 


.. (6) 


stt) 


And if m=2n, and a,— 2a, p=65° 54’, 
5i "m and a,—0:8a, $—49? 48, 
And when ¢,=a,, the formula becomes 


Pad 
n 


tan $= 
which is identical with (2). 
And when m—in, $—50? 46 as in Fig. 10, 
5 m= 0, $—45? O'asin Fig. 11. 
5.—If upon the same base line, having a length = 2 (m+n), we 
draw a series of frames given by the formula (2) of Art. 4, with 
a variety of values of m and n, we get such a combination as is 
shown in Fig. 19. 
Now it is evident that the curves Pb,b,b,, &c., and Qb,b,, &c., 
forming the locus of the point b, are suc. that if n be taken to 


| WAS 
HE 
6. T. 8. 9. 10. 11. 


represent the abscissa Pw, then the ordinate b,w will be—n tan, 
but by formula (2) this = n A m+n , Squaring this and di- 
n 


... (8) 


viding by the abscissa n, we get m-+-n, or 4PQ. The curves are 
therefore bolas having parameters — m+n, and their apices 
at P and Q. From formula (1) we get the parameter for the 
more general case 


then imposed at the point b, formula (1) becomes 
tan ġ = We “atatea 


a 
And if a, be taken=a,, this becomes: 


= m a 
ung =a/ (2+): (E+) 
And if m= n, and a,— a, $—63? 26’ 
» mo tn, , a,=2a, $=64° 406 
» m= $n, ,, a= a, $=60° 0’ asin Fig. 6. 
m=$n, „ a,=}4, $=56° 19’ 
m= 0, , G= äp 0-54? 44^as in Fig. 7. 
» M= o, , a—la, $—50? 46’ 
When the framing is deprived of the tie de, formula (1) 
becomes 


eee (3) 


.. (4) 


_m(a,-+a,)+n(a,+4,) 
Pu atā, 
And the parameter for any particular case is obtained by squar- 
ing the expression for tan ¢ and multiplying by n, Thus in the 


case having formula (4), the parameter =(m+n).( a + 1), and 
X 
when 4,—4,, this becomes = PQ, according to which Fig. 13 is 


(1) 


drawn. 
m+n 
The equation (6) gives parabolas having parameters = , n^ 
ds 


and when a,=a,, this becomes — 1PQ, according to which Fig. 
ldisdrawn. The equation (8) has the corresponding parameter 
—m--n-iPQ, as in Fig. 15. 

6.— When the structure shown by Fig. 2 is inverted, it becomes 
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that shown by Fig. 18; and the ties and struts are respectively 
changed into struts and ties. 


Ali the formuls already given might stand as they are, and be 
applicable to this new arrangement, if we changed the applica- 
tion of the symbols a,8,2, and a,; for instance, making @,, not the 
value of a fer the tie dc in Fig. 2, but its value for the strut de in 
Fig. 18. It will, however, be better to retain the symbols a,a,a 
&e. for the values of a for ties, and a,a,a, &c. for struts. ‘And 
all the change required in the formule will be the substitution of 


16. 
a, for a,, a, for ay and vice vered. We now then have the values 
of a for ab, de, be, and bw respectively, equal to a, 
and a,, for these parts the values of A will also be respectively as 


ay 


Ay Ay Ay and a, And the general formula (1) of Art. becomes 
for Fig. 18 
m 
tan p=4/ n ertt) tts ~ (0) 
as-Fa, 
! 
e: 
' 18. 19. 20. 
And when a,—4, and a,—a,, this becomes 
tan $= 2 +1 .. (2) 


And if m= n, $=54° 44’ as in Fig. 19. 
p» m—in, $—50? 46’ as in Fig. 20. 
» m= 0, $45? 0' as in Fig. 21. 
The more general formula for Fig. 21 is 


=, / atm 
tan $ A/ sim T m (3) 


Making similar changes in the other formule, we obtain the 
particulars for such framings as Figs. 22 to 28. In Fig. 26, a, 
a! 


for the upright pieces is assumed three times greater than a for 
each of the other parts. 


26. 

7.—Given the bracket arrangement, Fig. 29, consisting of a 
tie aw, and a strut wb, to support a weight suspended from the 
point w at a given distance cw from the wall ab; required the 
values of the angles a and 8 which will render A a minimum. 


The horizontal component of the strain in aw will be equal to 


the horizontal component of the strain in wd: let this = H. The 
vertical components of the strains in at and wb will be respectively 
=H tan a, and H tan B. Let p = tan a, and g = tan 8, then 
The weight w = H (tan a + tan 8) = H (p--g)... ... (1) 
=H see a. cw seca = 
A f A = “t | = 
+4,=H sec 8 . cw sec 8. a, Hw terat ay Oe 
i Sec? a = 14 tan? a= 1-Fp?, and sec? 8 = 14g’. 
Bubstituting these values, and omitting cw as not affecting the 
question, we have 
AaH (arta, PF a5. 2:9?) sieh Gea, “weal, wi (2) 
Differentiating (1), and putting it—0, as not being variable, 
(p+9) 4H+Hdp+Hdq=0, 
Differentiating (2), and putting it =0 for a minimum, 
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(a, +4,p?-+-4,+4,9°) dH --2a, Hpdp-F- 2a, Hqdg = 0. 
Let q be constant, and we have (p+qdH+Hdp = 0, 


dH 
whence y aum ET and (a, -+a,p"-+-a,+2,97)d H +-2a, H pdp — 0, 
whence dH x _ 9apH _ 
z dp atap tatag 
therefore —— = —— APE 
rebre pig Sa Fap atag Whence 


1T. 
2a,p (p+9) = 4,44,0°+4,+49%, e. e. .. e. (8 
similarly 2a, 9(g--p) — a,--a,p-a, bag o + (4) 
ap = 2,9, a= iP ste .. (5) 
Substituting this value for g in formula (3), we get 
p cA /%, ond similarly LEVE: e (8) 
a a, 


: 22. $3. 924. 25. 
We farther have a+8==90°. 
If a= $a, B=35° 16’ 
» aG1— $a, B=39° 14’ 
» %=1$a, B=50° 46’ 
» G= 2a, B=54° 44 , 


8.— When the strut is made horizontal, g becomes = 0; making 
this change in (3) of Art. 7, we get 


pa / ate for Fig. 30. 
a, 


If a,=}a,, angle a=60° 0’ 
» = Gy 4» a=58 44 
» Q= 4, a=50° 46 
9.—When the tie of Fig. 29 is made horizontal, p becomes—0, 


a7. 28. 
and equation (4) of Art. 7 becomes 
2— ata for Fig. 31. 


10.—When por q has a given fixed value=p, or q, the value 
of the other, obtained from equations (4) or (3) of Art. 7, will be 


as follows: 
24 (142) ten 


a 
=4/ (0+5) . (1--9)—5. 

11.—Given a weight w (Fig. 32) to be suspended by the two ties 
Cw and Dw from the parallel walls CA and DB. Required the 
angles a and 8 which will render A, 4-4, for Cw-4-Dw a minimum. 

The following is an amplification of an unpublished solution of 
this problem by Mr. Sang of Edinburgh:— : 

Let Aw—m, Bw—n, tan a— p, tan 8—q4, H — borizontal com- 
ponent of stress in Cw or Dw, a, and a,—the values of a for Cv 
and Dw. 
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=H .mseca.a,— Ham secta } = H (a,m-Fa,m 
A=) E E nee E mop] Ae 
w=H(p+9). 
Differentiating the values of A and w, we get 
dÀ —dH(a,m--a,mp?--a,n--a,ng*) J-2Ha,mpdp -2Ha,ngdq—0 
dw—dH(p-E9) + Bayo. 


Making q constant, we get 
: dH 5 2Ha,mp 
first — —— ——_—__1 + 
Faon thie dp a, i--a,mp?--a,n-r ang 
dH H 
From the second m pee 


-O9aymp(p--q)—a,m-ra mp! -a,n-r ang... 


u. 85. 

2anq(p--q) —a,m--aympl--a'n-rayng... — ... (2) 
am 

a,mp—a,ng, and g= a P (3) 

Substituting this value forg in equation (1), and reducing, we get 


similarly, 


= ayn is = am (4) 
p am , and similarly q= an 
AC—mp-4 / E, BD—ng q / A , AC=BD2 (5) 
1 3 


When a,—a, then AC—4/mn—BD, p= iZ = I= wh = 


and as m: AC or BD—AC: n, the angle CwD is a right angle, 
80 that i the points C and D be fixed, the locus of the point w 
will be a semicircle, as in Fig. 34. 


And if the positions of w be confined to the same horizontal 
line, the parts will be arranged as in Fig. 35, the height of the 
points C and D being determined by the line wE drawn to the 
dotted semicircle. 

12.— When the character of the arrangement in Fig. 32 is re- 
versed, as shown by Fig. 33, the ties being converted into struts, 
the same conclusions are arrived at with the substitution of a, and 
a, for a, and a, There will however here be greater probability of 
a difference in the two values of a. When a,=a, we have the 
structure regulated by the semicircle, as in Fig. 36. 
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‘When m=4n, and a,—4a,, putting m+n=1, we have AC—0-612, 
and BD—0:306 (see Fig. 33). When we make one of the 
say Cw, horizontal, p becomes—0, and the formula (2) of Art, 11 
becomes, after reduction, and making the necessary changes in 


the values of a, ang? = a,m--a,n; 2. q= =. 
previously obtained, see (7) of Art. 4. And when any fixed value 


Ps 


82. 83, 

is assigned to p or q, the economic value of the other will be ob- 
tained by substituting the assigned value in formula (2) or (1) of 
Art. 11 respectively. 

13.—We will finish with this subject for the present by taking 
the example of a rigid suspension bridge, Fig. 38. . 

Let it be wholly of wrought-iron, and of such moderate span 
that the whole strain-producing load may be conaidered as con- 


VARN 


YF 


TUM 


$6. st. 
centrated at the level of the roadway; let cost be the form in 
which the value of a is to be considered (the material being 
already determined upon). 

Now this structure is n i a combination of framings such 
as shown by Fig. 21. It could indeed be constructed with fram- 
ings of thia form made to act independently of one another, ex- 
cept where the extremity of one frame transfers half the load to . 
the centre of another of larger size. To obtain the general 
economic angle therefore, we must take the general formula (3) of 
Art. 6 for the Fig. 21, but in assigning the values of a, we must 
duly regard the circumstances of the complete structure 


_, [ata 
BUTEA) TS 


a, for all the ties may be taken from the table with only a alight 
addition to cover the expense of forgings, joints, &c, say az= 


T 
P d 
A 


38. 


£00066: a, for the horizontal top piece we will set down gt 
£0:0080; it may be remarked that we exclude from this any con- 
sideration of the horizontal bracing, and the additional material 
to be added to the top to bear the transverse action of the road- 
way, as these are constant, and do not effect the value of $. But 
a, for the upright struts must be liberally dealt with, and must 
be taken to include the transverse bracing to stiffen them; let a, 
therefore = £00150. We now then have 


"0080 +0066 L08292, $. p=39° 90. 


tan $=4/ :o68--0180 — 
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1f the above values of a, and a, be retained and 
a, be made —0:0200, the angle $—36? 33' 
a 


» » 00240, EA $34? 38 
a, s»  =0.0320, » $—31* 36' 
9, »  -00372, » $—30' 0 


The last value, 00372, given above for a, is 4'65 times that 
signed to a, for the top piece; there can be little doubt, there- 
fore that such a value of a, is in excess, yet with this value the 
eonomic angle ¢ is still so great as 30°. Fig. 38, which is drawn 
with ¢=30°, would be very generally pronounced as having far 
too great a depth in proportion to the span; the eye in this being 
misled by the commonness of the error committed by engineers 
when dealing with bridges of openwork construction, of making 
the depth too small. On this subject see vol. for 1855 of this 
Journal, p. 236. 

To exhibit the increase of material in the structure, Fig. 38, 
(exclusive of the transverse girders, &c. of the roadway platform, 
and the horizontal bracing) which aceompanies a wrong value of 
$, let us take a,—0024—3a,; the corresponding economic value 
of @—34° 38’, then by assuming other values for ¢, and calcu- 
lating the corresponding value of A by the formula in Art. 4 
properly modified, 

A cot $a, + cosec $. sec $a, + tan $a, 
we get the proportionate resulta given in this table: 


Value of Span divided aoe 
e. Dy Depth. Value of A. 
34° 38’ 2-895 100-00 
30° o 8:464 101°61 
25° 0’ 4:289 107-82 
20° 0’ 5° 495 121-24 
15° 0’ 1:464 148:29 
10° 0’ 11:842 208° 63 


The increase shown in the table gives a very inadequate idea 
of the extremely rapid increase on the value of A in the case of 
abridge of great span, when the weight of the structure itself is 
taken into consideration, and becomes the chief part of the load, 


R. H. B. 
— lii À 


VENTILATION OF DWELLINGS AND HOSPITALS. 
(Continued. from page 320, col. xxiv.) 

Tavus far all the examples we have given are of what is termed 
*natural" ventilation, that is to say, ventilation so arranged as to 
depend for its motive power solely on the expansion and conse- 
quent increase in lightness of the atmosphere when raised in tem- 
perature. The atmosphere around us is always, save under cir 
cumstances of unbearable heat, at a temperature much below 
that of the human body; consequently, air which has been taken 
into the lungs leaves the mouth, under ordinary circumstances, 
at a much higher temperature than tbat of the atmosphere into 
which it is discharged; the time during which it remains in the 
air passages and lungs being sufficient to allow of its being raised 
to a heat approaching blood-heat. 

The expired air, commonly known as “the products of respi- 
ration,” is in a very different condition in other respects, as well 
as in temperature, from that in which it entered the body. It is 
sstarated with water, has lost a portion of ita oxygen, is charged 
with carbonic acid, and is unfit if re-inhaled to support health, 
while if respired a few times it would become unfit even to sup- 
port life. These changes in quality furnish the reasons why it is 
desirable the expired air should rapidly be removed from the 
neighbourhood of the person who has breathed it. The change 
in temperature is the circumstance which nature has so arranged 
as to afford, under ordinary conditions of atmosphere, a safe and 
certain means of effecting this removal. 

In the open air, then, the breath (or the heated producta of 
respiration) on leaving the month, rapidly ascends to aconsiderable 
height, and only parts with its excess of caloric at such a distance 
from the earth that it is quite out of the reach of human respi- 
Tation, In a room perfectly closed the expired air, gases, and 
moisture ascend to the ceiling, where, finding no outlet, they 
gradually cool—tbe vitiated air by degrees sinking down into and 
mingling with the surrounding atmosphere, the super-abundant 
Doisture being condensed in the form of a dense dew upon all the 
cool surfaces in the apartment. 

In rooms furnished with avy of the appliances described in our 
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former article, the vitiated air ascends to the ceiling, and there 
finds an outlet channel, up which its own rarity causes it to ascend, 
while in many cases (such as that of openings into chimney flues) 
an already existing upward current stimulates the spontaneous 
action of the heated air; a second opening being inal! cases provided 
which will afford an adequate supply of air to replace the amount 
drawn out. 

This then is a brief account of the nature of natural ventilation, 
and it will be perceived that two things are essential to it. The 
first being an exit at the upper part of the room—the second being 
an independent source for the supply of air. 

That ordinary rooms in ordinary English dwelling-houses are 
not constantly overloaded with vitiated air is, we believe, due to 
the circumstance that a “ natural ventilation” of a rough sort 
exists in them. The interstices between the floor boards, the 
joints of our windows, and the openings round our doors, supply 
the inlet channels—the upper part of the space over the fire 
opening forms the outlet. It is true that this ontlet is not near 
the ceiling, and the products of respiration, after ascending to the 
ceiling, have to cool, and to descend towards the floor, mixing as 
they go with the unvitiated air in the room, and passing the level 
of the mouths of the inmates, before they can possibly reach 
the fire-place, but still a fair proportion of these products of 
respiration do perform this circuitous journey, and do actually 
escape up the chimney; and thus it is that a common open fire 

romotes so much the purity of the air of a room. It seems clear, 
boror. that an opening at the level of the ceiling, especially if 
the channel into which it leads be in some way excited by the 
improved current in the chimney flue, or be itself that flue, will 
discharge the vitiated air more completely, and do the office of 
a ventilating outlet more perfectly, than any chimney opening. 
Upon this then all practice in ventilating ordinary rooms 
upon natural principles agrees—namely, the propriety of an outlet 
at the upper part of the room. 

Onthe question of inletsbothopinions and practice differ. There 
can be no doubt that the place where the fresh air might most 
naturally be introduced is nearthe floor, and here pong d it has 
often beenattempted to bring it in, but there are practi iffieul- 
ties in the way of any introduction of fresh airat or near the floor, 
which seem formidable. We are all aware how much annoyance is 
occasioned by the currents entering at the self-constituted inlet- 
channels to which we have referred—the crevices at and about 
the windows and doors of an ordi room; how in cold 
weather the occupants complain of draughts, and how sedulously 
they stop up to the best of their ability every inlet for fresh air. 
Now it is hardly possible to devise any inlet at or near the ground 
level from which a current of air will not be perceptible, and from 
which, consequently, inconvenience will not be felt. The inlets 
recommended by the Barrack and Hospital Commissioners, whose 
report we have referred to, are accordingly placed near the upper 
part of the rooms, and at a considerable distance from the outlets, 
80 that the entering current may have time and opportunity to 
mingle with the air in the room, may almost imperceptibly de- 
scend into the general atmosphere, and may gently mix with it. 

To secure that the influx of air shall be imperceptible isto secure 
that it shall remain unchecked—and as evena Sheringham valve, 
orsuch aventilator as we figuredat 324, is sometimes found to 
producea sensible draught, we think the best plan yet proposed for 
inleta is that of Mr. Varley, already described, by which the in- 
coming current is filtered through a large surface of perforations. 
Tt is also worth notice that a larger area given to the inlet will 
diminish draught, that is, will diminish the sensible rapidity with 
which air enters an apartment. Under no circumstances will the 
inlet admit more air than the outlet can carry off. If, therefore, 
the size of the latter be properly regulatad, the former may safely 
be made pretty large. 

It has been proposed to warm the air admitted into rooms 
before its admission, and several very ingenious methods of doing 
this exist; perhaps the best, as well as one of the moet recently in- 
troduced, is a new stove, the invention of Mr. Taylor, in which 
air for the supply of the room enters through chambers of fire- 
clay which surround the grate. 

Plans for introducing warmed air generally fail in avoiding the 
inconvenience of dran ot, for the air is not introduced, or at least 
ought not to be so, at a temperature at all approaching blood- 
heat, aud consequently if thrown in & jet or current against any 
part of a human body, it, warm though it be, abstracta heat, and 
causes a sensation of cold, which is increased if it be at the same 
time abstracting moisture. Consequently it seems clear that 
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even an inlet for warmed air ought to be carefully placed, so that 
the current admitted by it sball not be directed against any occu- 
pant of the room ; and this being secured, an inlet for moderately 
warmed air seems in every way more desirable than one admitting 
air at a temperature much below the general warmth of a com- 
fortable room. 

Before leaving the subject of outleta and inlets, it may be right 
to revert to a simple method of introducing external air, which 
has been employed with good results in large rooms, such as 
schools, &c. 

The air has been allowed to pass in through channels or aper- 
tures at the ‘level of the floor, but in place of being allowed at 
that level to mingle with the air of the room, it enters vertical 
trunks of planed deal, some five or six feet high, and fixed 
against the wall. In these trunks it acquires an ascending direo- 
tion, and leaving them at a level with, or rather above the heads 
of the occupants of the apartment, it mingles with the air of the 
reom, and descends to the breathing level so far dispersed as not 
to be perceptible in the form of draught. 

(To be continued.) 


oo 


THE PATENT LAWS OF AMERICA. 


Tue publication of the Annual Report of the Commissioner of 
Patente of the United States affords an opportunity of com- 
paring Pe operation of the patent laws in America with those of 

and. 

he form of the report presents a striking difference from the 
brief statement annually laid before parliament by the Com- 
missioners of Patents in this country. It consists of two thick 
octavo volumes, one of them being entirely filled with engravings, 
and the other containing nearly 900 es of closely-printed 
matter. The importance attached to this yearly report of the 
P of invention in the United States is shown by the order 
of Congress for printing 10,000 copies of it for the use of the 
patent office, and 40,000 for the use of the members of the house 
of representatives. The preparation of a work of this kind 
requires no smalllabour, and it is not usually published until 
upwards of twelve months after the date of the year to which it 
refers. The report which has recently reached us is for the year 
1869, before the breaking out of the internal convulsion that has 
now put a stop to improvements in manufacturing arta, but up to 
that period it exhibits an astonishing increase in the number of 
patented inventions compared with the years preceding. 

So far as the activity of inventive genius may be considered a 
criterion of the activity of trade and manufactures, the commer- 
cial industry of the United States had progressed in a prodigious 
ratio, for whilst the number of patents issued in 1853 was onl 
958, in 1868 it had increased to 3710; and in the year to whi 
the report refers no less than 4538 patenta were issued. Nor do 
these numbers indicate by any means all the claims for new 
inventions, for it is the practice in the United States to submit 
all such claims toa preliminary examination, and in some years 
the number of applications for patents doubled, and even trebled, 
the number of patents granted. The practice in England is to 
grant patents to all applicants who pay the fees, the exceptions 
to the rule being so few as to be insignificant, and had the same 
practice prevailed in the United States the number of patents 
issued in 1859 would have been, at the least, 6000, or nearly 
double the number granted in this country. The greater num- 
ber of patents applied for in the United States is, no doubt, 
principally owing to the comparatively small sum for which they 
can be obtained, which does not amount to one-twelfth part the 
sum that a monoply for fourteen years can be procured in Eng- 
laud. Nevertheless, though the work in the American patent 
office must greatly exceed that of the patent office in Eng- 
land, in consequence of the preliminary examination of the 
inventors’ claims, the receipts considerably exceed the expendi- 
ture, and in 1859 there was a balance of 35,664 dollars paid into 
the treasury. 

The Commissioners report specifies separately the number of 
patents issued to the subjecta of the various states which, in 
1859, constituted the Union, from which some idea may be formed 
of their relative manufacturing enterprise. New York is far 
above the rest, the number granted to the citizens in that atate 
being 1237; Pennsylvania ranks next, with 53%; then comes 
Massachusetts, with 492; Ohio, 390; and Connecticut, with 256. 
In the Southern States the numbers are com ively few, those 
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issued to the citizens of Virginia amounting to 65; to Bouth 
Carolina, 15; whilst in Florida and Oregon there was only one 
patent issued in each state. An account is also rendered of the 
subjecta of foreign states to whom patents have been granted, 
from which it appears that British subjecta obtained 23; those of 
France, 16; and the subjecta of all other foreign governments 
only 8. 
the 4538 patented inventions in 1859, one-tenth part waa 

for improvements in apparatus connected with agriculture; 
among which were 93 “harvesters,” 61 “corn planters,” 66 
ploughs, 47 “cultivators,” 22 “corn shellers,” and 36 “seedin 
machines.” Articles of domestic eoonomy were abundant; an 
though it might be supposed there was previoysly a sufficient 
number of American churns, sewing-machines, stoves, and 
washing-machines in the market, a great number of each was 
considered by the examiners of inventions to possess suffi- 
cient novelty to warrant the grant of separate monopolies, 
Thus, in that one year there were added to the stock of patented 
inventions 57 new kinds of washing machines, 80 sewing machines, 
and 37 churns, Among the warlike inventions, 42 varieties of 
fire-arms were patented, including 12 new kinds of revolvers, and 
there were added to the number of destructive weapons two 
“ centrifugal guns" Some of the inventions are for objects 
peculiarly American or tropical, such as “stump extractors,” 
cotton-gins, four kinds of “ automatic fans,” aud tobacco presses; 
and, to judge from the fact that there were nine kinds of “ burglars’ 
aane patented in 1859, it must be presumed that burglary is 
very prevalent in the United States. 

the want of a preliminary examination of the claims of in- 
ventors is the crying evil of the patent laws of England, and it 
may be assumed, from the great number of patents issued in 
America for inventions having the same title, that the examina- 
tion is not conducted there very rigidly. Indeed, the Com- 
missioner admits that, in consequence of the great pressure of 
claims to be examined, and of the deficiency in the number of 
examiners, sufficient care was not given to the examination, 

Another evil of our patent laws is the precarious nature of the 
protection which letters patent afford. If an invention prove 

rofitable, the patent is generally infringed either directly or in- 
Hirectly; and among the great nuniber of protected inventions for 
effecting the same, or nearly the same oeda, it is often very difi- 
cult to determine whether there is sufficient novelty in any one 
that may be disputed to give it a claim to be protected. The 
difficulty and the cost of establishing a claim in England tempt 
the invasion of patent rights, and an invention may be pirated 
because the true inventor cannot afford to be at the expense of 
defending it. This is a great grievance, of which English paten- 
tees have reason to complain; but in America patent pro- 
perty is still more insecure, because it is exposed to fraudulent 
attacks that may deprive an inventor of his rights by the ad- 
mission of prior claims to the “idea” of an invention. The 
original inventor, within the meaning of the patent law in 
America, is the person who first conceived the idea of the inven- 
tion, and the admission of claims so vague opens the door wide to 
perjury and frauds. Even in ordinary course of the law, without 
assuming the adoption of such practices, great injustice ia fre- 
quently practised. One man may conceive an invention, 
years may elapse before he renders it practicable, and in the 
meantime another, conceiving the same invention, may reduce it 
to practice, and obtain lettera patent for it before the first 
inventor has ever made a drawing or given any description of it. 
The first but tardy inventor, observes the Commissioner, by the 
aid of the very working machine of his more diligent rival, may 
finally succeed in reducing his invention to practice, and then 
obtain a patent for the sume device, and thus render the well- 
earned property of the other perfectly worthless. The injury 
thus done to the true inventor by the preference of prior claims 
to the idea of an invention is often augmented by the absence of 
any provision to secure the testimony of witnesses in contested 
cases. Many persons whose evidence is of importance in such 
cases, knowing that they cannot be compelled to testify, either 
decline to appear as witnesses at all, or govern their conduct by 
the money offered by the contesting parties. ‘The result of this 
is, that in such cases the poor are completely in the power of the 
rich, the weak in the hands of the strong.” Defective as are the 
present patent laws of England, they will bear favourable com- 
parison with such a perversion of justice as may be thus per 
petrated under the patent laws of the United States of America, 
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HIS LATE ROYAL HIGHNESS THE PRINCE CONSORT. 


Szupom if ever in the history of this or of any country has any 
ealamity of a public character seemed to each individual to bear 
so much the nature of a personal sorrow, as thatsad and sudden 
event which it it ia here our painful duty to record. The surprise 
and bewilderment of so unexpected a blow as the removal of the 
Prince Copsort by sudden death has been felt by us all much as 
it would have been had death entered our own family circle; and 
we have hardly yet had time to take account of the loss to the 
country from a public point of view. That this has been the case 
is the highest testimony that could be borne to the personal worth 
of the Prince, to the tact with which he comprehended and dis- 
charged the requirements of a most difficult social position, and 
to the admirable way in which he has headed that domestic circle, 
till now unbroken, upon which every Englishman and English- 
woman has learned to look with mingled feelings of interest, 
affection, and pride. 

The Prince possessed in an eminent degree the qualities of a 
trae English gentleman, and as such, we, the most jealous nation 
of Europe, learned to respect him, forgetting—and this we ordi- 
narily never forget—his birth beyond our own shores, and 
remembering only his unobtrusive courtesy, his unaffected 
interest in everything English which it was his duty to under- 
take or to support, and his loyal abstinence from all which cireum- 
stances rendered it undesirable he should engage in. The career 
of the Prince was singularly unostentatious; he abstained uni- 
formly from any public share in political matters; and he avoided, 
witha ity and a constancy due to a rare prudence and a good 
heart, the numberless risks which seem to beset one so 
Situated. It is only now that we have been led to consider for 
ourselves the real nature and difficulties of his position, —facts 
of which hitherto no account has been taken, simply because the 
whole life of the Prince has been at once so natural andso unvaried 
that no one seemed able to suspect that it could have been—might 
easily have been different. To this persunal excellence, and this un- 
swerving discharge of a difficult duty, the present universal 
sorrow is a nation’s tribute. 

The loss which the arts and sciences of this country have suf- 
fered by the death of the Prince will not be at once comprehended; 
the benefit which they have derived from the exertions of his 
life will not be soon appreciated; it is, however, peculiarly 
appropriate for a journal devoted to those subjects which are 
pre-eminently cognate with the arts of peace to draw attention to 
the share which His Royal Highness has taken in stimulating the 
manufacturing, artistic, and industrial progress of this country. 

Personally accomplished and practically familiar with literature, 
science, and art, the Prince was well prepared on coming to this 
country to take an exact account of our internal position, aud to 
seein what directions aid could be given with advantage, and in 
what quarters it was needless. Well acquainted as he was with 
mechanical science, he must have early convinced himself that 
many of the staple branches of our industry were too perfectly 
understood and too thoroughly carried out to call for interference. 
Accordingly, the first, or almost the first subjects to which he 
devoted his time and the support of his influence were precisely 
those where we were most deficient, and where the influence of 
high position and the sanction of royalty might be expected to 
be of value—we allude to farming and cottage improvement, 
The model farm established by the Prince gave an impulse tothat 
movement in favour of improved agriculture which is one of the 
most valuable of the present day; and the cottages built for the 
Prince near Windsor, and those subsequently esigned for him, 
and exhibited in 1851, were equally valuable, as aiding, and that 
too at an early day, the important movement, only yet in its in- 
fancy, for the improvement of the dwellings of the poor. 

ow heartily the Prince concurred in the idea of the Great 
Exhibition of 1851, if indeed that idea was not actually origi- 
nated by him, is well known. He acted as President of the Royal 
Commission which had the charge of that undertaking, and it 
waa admitted by those who had the best opportunities of judging 
that, much as the Exhibition was indebted to the position and 
influence of the Prince, he was even more valuable as a thoroughly 
efficient ities head, well informed upon every subject that had 
to be considered, and business-like to an extraordinary degree in 
his conduct of affairs, 

Itis probable that one of the objects which the Prince had in 
view in promoting the Exhibition was to bring before English 
manufacturers objects of a similar nature to those they produced, 
but euperior in artistic merit. At any rate, from the year 1851 


dates a vastly increased desire in this country for the introduction 
of genuine art into articles of ordinary manufacture. To foster 
this desire and to promote its fulfilment was the constant aim of 
the Prince during the last ten years of his life, and although his 
work in this reapect ia left unfinished, it has not on that account 
been barren ofresults. Ina recent number of this Journal we had 
occasion to quote from an official document passages showing how 
remarkable a progress, in the opinion of French mauufacturers, 
the arts of design have made iu this country; and how excellent 
they considered that machinery for artistic education which has 
been here established; and we then took occasion to show how 
much of all this is due to the efforts of the late Prince. The forth- 
coming Iuternational Exhibition will no doubt exhibit the nature 
and extent of this progress most strikingly, and will give a new 
impulse to the work. Itis a matter of heartfelt regret that he 
will be absent from this Exhibition who of all others would have 
taken the greatest interest in this undertaking, aud to whom it 
would have atforded something of a public triumph, as it no deubt 
will bring with it that recognition of the value and the success 
of unobtrusive but strenuous and persevering efforts to advance 
British arts, as connected with British manufactures, which the 
Euglish public has hitherto been more slow to award than have 
continental nations. 

While, however, we deplore our loss, we do so with a regret not 
altogether unmixed. The death of a godly man, and such the 
Prince undoubtedly was, is never a subject for unmixed sorrow; 
the completion of a happy, useful, prosperous career, safely clused 
before it had been overshadowed by disease, bereavement, or any 
of the hundred forms of tribulation which might have embittered 
declining years, or enfeebled prolonged life, is almost a subject of 
congratulation; and while deploring that the summer which rob- 
bed Europe of her greateatstatesman has hardly chilled into winter 
ere England has been called to part with her greatest citizen, we 
cannot but feel grateful that, like Cavour, Prince Albert, if he left 
his work incomplete, was able to labour till the last; that he fell at 
his post; that the image we shall ever retain of him will beas he 
was in his prime—and that the feeling which his death aroused 
was one of universal, unqualified regret. 
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THE BUILDING FOR THE INTERNATIONAL 
EXHIBITION OF 1862. 

Tue rapid progress of this pulling has been such that it is now 
possible on visiting the works to judge pretty clearly of the actual 
effect of arraugements which, when we first noticed the work, 
were entirely perspective. We gave in April of last year the 
plan and an elevation, and in November last two sections and a 
perspective view of the west and south front; the illustrations 
which accompany this notice exhibit the south front and the in- 
terior of the nave or central The greatest merit of the 
building is the remarkable clearuess and simplicity of its plan. 
It rarely, if ever, occurs that a building of such vast size leaves 
so simple and intelligible an impression upon the mind of a visitor 
as the great structure now in progress at South Kensington. The 
main building: occupies a space of ground forming a parallelo- 
gram, of which the sides have almost exactly twice the length of 
the ends—the greatest dimension being from east to west. The 

icture gallery—a structure of brick—runs along the entire 
jeter of the south side of this block, and parallel to it runs a 
great central or nave, having two transepts of similar 
width and height crossing it at the two ends; these main passages 
consequently taking the form of an elongated t=, as will be seen 
br erui to the plan in this Journal for April last. 

At the two pointe of intersection of the transepts and nave stand 
the two great domes of which so much has been said, these being 
roofed with glass, while the nave and transepts will have opaque 
roofs, but will receive light from a lofty glazed clerestory as shown 
in the accompanying interior view. The spaces north and south 
of the central or nave are roofed with glass in a very 
efficient manner; the roofs being at a level considerably lower than 
even the springing of the nave and transept roofs;and the dis- 
tance apart of the supports is such that an almost uninterrupted 
space will be obtained for exhibition purposes. To complete the 
description of the building as it now appears it is only neces: 
to adi that to the north lies the great garden of the Horticul- 
tural Society, a quadrangle surrounded by arcades, and that, as 
this quadrangle is not of the full width of the plot of ground, two 
additions to the building, called “annexes,” and forming sheds 
of great length in proportion to their width, are thrown out north- 
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wards, one from each transept, the gardens lying between them. 
In some respects the carrying out is fully equal to the splendid 
simplicity of this fine and vw ye design, but in other 
respects it falls very far short. Nothing can be more successful 
than the design of the light 
wooden roof covering the an- 
nexes,orthatofthemoresolid 
roofing of the nave. The gene- 
ral arrangement of the glass 
roofs in the courts north and 
south of the naves is also very 
good, and the diminished 
number of the pointa of sup- 
port is very much in favour 
ofthis part of the new build- 
ingas compared with tbe ori- 
ginalone; these courts resem- 
ble a good deal the new and 
excellent roof of the Victoria 
Railway Terminus. 

The most unfavourable con- 
trast, however, between the 
new building and the original 
one, a contrast which the 
SydenhamPalace marksmore 
strikingly, lies between the 
opaque covering of the nave 
roof at Kensington and the 
glass roofs of the two other 
buildings. There can be no 
question that, well propor- 
tioned and well built as is the 
South Kensington nave, it 
looksat present depressed and 
dark toa degree which is emi- 
nently unsatisfactory;andthe 
idea suggests itself that a 
broadskylight alongtheridge 
of the nave (such as exists in 
the smaller roofs of the an- 
nexes) would afford a wonder- 
ful help to the artistic effect 
of this part of the building. 
The great flood of light which 
will pour down through the 
domes, when they are fixed 
and the scaffolds struck, may 
redeem the central feature of 
the building from gloom, and 
will, without doubt, produce a magnificent and novel contrast of 
light and shade on a bright day; but we think this will not atoue 
for the absence of that apparently boundless height to which we 
have become BR cide in the semicircular roof at Sydenham. 

The ironwork, thougb generally well designed, does not display 
the consummate mechanical skill which marked Sir Charles Fox's 
work at the Hyde-park building. The mode adopted of sup- 
porting the girders by leting them rest on short brackets, or 


stubby, cast on to the columns, is one which seems at all times 
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dangerous, but appears doubly so in a building where rapidity of 
Pais gd of Ei importance, and the extent of Vil is so 
great, for it is hardly possible to secure a thorough inspection cf 
every casting under such circumstances, and yet a single flaw in 
one of the little brackets we 
have referred to would be 
sufficient to produce the 
most disastrous results, 

The exterior, too, does not 
show such a mastery over 
the best forms into which 
common brickwork and or- 
dinary roofing can be thrown 
as would have been desirable. 
We hear of a proposal for 
decorating portions of the 
outer wails with mosaics, 
and an attempt has been 
made to introduce fresco. 
We trust neither of these 
plans will be carried out. 
One-tentb part of the cost 
of either of diem expended 
on the brickwork as it was 
being carried up would have 
given nobility to what isnow 
poor and meagre. Still, the 
exterior has the merit of sim- 
plicity, and its east and west 
fronts seem to promise sonie- 
thing of dignity. Should 
either colouring or mosaic 
be introduced, the result will 
not be to add either beauty 
or richness; it will only be to 
deatroy the simplicity which 
we admit to exist, and which 
in so great a structure be- 
comes in itself, throngh fre- 
quent repetition, something 
akin to nobleness. 

It is to be regretted that 
the building is placed so 
near the roads which sur 
round it, aud that the ap- 
proaches are not more nu- 
merous and wider. The 
position of the building can- 
not of course now be altered, 


comparatively small cost and little trouble. There is vin. 

round to hope, we believe, that the roadway in front o 

rompton-row will be widened; and should the suggested 
thoroughfare across the park be carried out, a great addition 
would ined to the means of access to the Exhibition, and 
some portion of the inconvenience which must always attend the 
collecting together of large numbers of visitors to one spot would 
be obviated. 
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TO LAY OUT A RAILWAY CURVE 
By means of Ordinates or Offsets in Rational Numbers from 
the Chord or Chords, without Calculation or Tables. 
By Ourver Brrr, Civil Engineer. 

Ler AC=100 links, each a foot in length; a 50-foot chain of . 
50 links may be employed; then AB=RC=50 feet (see Fig. 1). 
AG = EI=IL=GJ=JM=LO=OR=MP=&c.=10 feet Now, 
if squariog 5 be termed calculation, the heading of this article is 

Fie. 1. É 


a 
ae 
a 
ge 
isa 
2 ee 
N 
b, 


not correct; however, before any very extensive calculation can 
be undertaken, the common multiplication table has to be com- 
mitted to memory, then it is known that 5 times 52-25; 

^. 50 X 50 = 2500. 
The half of 2500 equals 1250, and the half of this is 625. These are 


Fic. 2. 


Q 


all the calculations to be made before setting down all the ordi- 
nates both inside and outside the circular are ADC. 


BD-AE-CF- ae of a foot. 
Ro = U= v Py = St = ines 
On=wX= oo Mn=Vu= ies 
=H = So Jk =Ye= oe 
hI = Ka= E Gh= Za 


The numerators 50, 200, 450, 800, are set down without cal- 
eulation, as 50 is half the square of 10, 200 is half the square of 
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20, 450 half the square of 30, and 800 is half the square of 40; 
which requires little more mental exertion than to recollect 
once 1, twice 2, three times 3, and four times 4. The results 
may be ordered thus:— 


AG=10 feet, Gh: part of a foot. 


ura. 

— 6793 
800 

rore » » 


AJ=20 ,, 


AM=30 


» 


AP=40 ,, » 


AB=60 ,, i 


AS —60 


&c. 
6793 feet is the length of the radius QA, QD, or QC,'when a 


part of a foot is added to it; this addition is not more than an 
inch and a tenth, while 6793 feet is more than a mile. Hence, 
6793 feet may be taken for the radius of the circle. 

The radius AQ (Fig. 2) of a circle is two miles and a half— 
13200 feet—and a little over half an inch more; AC is a chain of 
100 links, of a foot each; AG—18 feet. Required, without caleu- 
lation, the ordinate BD in the centre of the arc ADC, the ordi- 
nate FG on the chord, and the ordinate EF from the tangent 
ED. 


2» » 


1950 
13200 


The exact length of radius — 13200 
GB=ED=60—18=32 feet, 


2 2 
(32)? _ 2x16 _ 101—512; 
2 9 
sw 512 
oe EF = 53500 Part of a foot. 


1250 512 738 
GF= 45800 — 13200 = 13900 Part of a foot. 


part of a foot, 
625 


13200 


Ordinate BD = 


2 ; 
To prove this rule, assume QC=r I ; BC = 2n; and 
Now, if this assumption be true, 
nii n1M 
(+7) -(-7) +e 
n? n? 
which when developed shows that (r+ z y and (fae ram 


are identically equal; consequently QBO is a rational right- 
angled plane triangle. 


QD—QB = BD; 
Let r—625, and n=25; that is, AC—100. 


ni 
QB=r— F . 


" _oce (25? .. 695925 _ 626; 
r+% =QC= 64% = 60505. 626; 
ni 625 
— — = = ——— = 694; 
r= mQB-65— ; 
2n? 1250 
= -— = 2 = BD. 
r 625 : 


: 1250 
MIB QC (Fig. 2) equals 3763-763 


taken at random; and if at the same time AC=100 feet, or 
BC=650, =2n, then the ordinate BD in the centre may be set 
1250 
3763 feet. The truth 
of the rule for finding the intermediate ordinates may be esta- 
blished as follows:— 

Referring to Fig. 1, put z=Qz, mz xN —DH; 
~ QNewWa-mi —BsaH-r—V m, 


feet, the number 3763 is 


down without calculation — in this case 


10 


Now if m! be successively taken 12, 23, 33, &o. chains, the 


values of tU, wX, zH, aK, &c. will be respectively 

— 1? 1? 

x—A/axi—1* = z—( — =) n nearly 
SONA r) 9 

£e P? = z—(:— 5) ES 
MD 34 3 

tN 2—3? = z—( —=) = 2x » 

& = &e. 


Let the radius of the curve be 40 chains, each of 50 links, the 
link = 1 foot. Chain employed = 600 inches long. 


1 : 
tU — g p X 900 = 7) inches 
wX = 7% x 4 — 30 » 
<H = 7} x 9 = 67% n 
aK= 7j x 16=120 ,, 
&c. &c. 


When the length of the curve exceeds } of the radius, only five 
or six of the approximate offseta ought to be taken in this manner. 
i (7-83 8?\4 
r—(£0—858  — (8 
IU UE (2 2) 
Hence, if an arc to radius 1 be found, or angle, from a table of 
2 


, 8 . 
natural sines whose sine — FL the cosine of the same angle 


8? \4 
taken from the table, without calculation, equals (- 2) ; 


3 
hence the versine 1—( i-5 y is found by subtraction, which, 


when multiplied by z, the radius, gives the de, the eighth ordi- 
nate; and so of other ordinates. The centre ordinate BD (Fig. 1) 
is always correctly determined by the foregoing rule, whether 
the chord AC be long on short, compared with the radius QD. 

ExAMPLE—For a radius between 6973 and 6975 feet, and a 
long chord of 300 feet or 3 chains, what is the ordinate in the 
middle at the concave aide of the curve ? 


30043 90000 
Take the radius = 6973 2725. feet. (777) = ne ae = 22600. 


6793 
22500 11250 


i = 11250; ;. the required ordinate = — —- feet exactly, 


6973 
Take another example. Let the chord be 400 feet, and radius 


68975 10000 feet. (*) =10000. The length of the required 


68975 
: s 20000 
ordinate will be 68975 feet. 


It is clear that this rule may be applied to all circular curves, 
without mental labour. Any number, as 130, may be reduced 
to the required form, z + 5 = 130, by solving the quadratic 


equation, 431—1302:— —625; ^. x» = 125, 


625 : 
and 125 igs = 130 = QD (Fig. 2). 
1250 
Sieg ee 


- BQ=120. Proof: CQ?= BC*4BQ*, 130?= 50*+1203. 
In a one degree curve (1°), that is, a curve in which a chord of 
100 feet subtends 1° at the centre, radius =5729°65 feet; 
2° curve, radius = 286493 feet, 
5° curve, radius = 114627 ,, 
10° curve, radius = 57366 ,, 
Without solving a quadratic equation, these or other radii may 
be reduced to the form z+ m , by taking the nearest whole 
number to x and dividing it into 625 (supposing the chord of the 
arc = 100 feet). Take a 10? curve, radius=573°66, 


From 573:66 

625 
dati m k 10 
ary = 109. take 109 
572°57 
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625 1250 
e = " 1 3 pes t 
Then 57257 z-z gy =573'66. Themiddle ordinate— ->y fee 


ExauPLE—In a 2? curve, radius = 2864:93 feet, what is the 
length of the middle ordinate, and the length of an ordinate 
14 feet from the middle on both the convex and concave sides of 
the curve? as usual, measuring from the tangent to the middle 
point and from the chord = 100 feet. 


From 286494 
take “22 
286471 *, Radius = 286471 sie 
-. Radius = ‘| 386471 
; . 1250 . 
Middle ordinate — à86171! 
14 = 196, .. ordinate on the convex side, 14 feet from the 
) 98 . us52 
middle, — 286171 feet ; 1250 98 = 1152, s 286171 feet, 


which is readily reduced to inches, gives the ordinate on the 
concave aide of the curve. 


—— or 


ON THE CONCRETE USED IN THE LATE EXTEN- 
SION OF THE LONDON DOCKS.* : 
By Gerorez Rosertson, C.E., F.R.S.E. 


In the late extension of the London Docks at Shadwell, the 
point which appeared to me to be most worthy of and to afford 
the greatest scope for enlargement, was that of hydraulic lime. 
Firstly, because there were (in my mind at least) many unex- 
plained difficulties and contradictory statements connected with 
its theory and practice; secondly, because the manufacture of the 
lias lime used on these works being in the hands of the Com- 
pany's engineers, afforded advantages for investigation which 
might never occur to me again on such an extensive scale. An 
investigation into the theory of hydraulic lime, and its manufac- 
ture into mortar formed the subject of a paper read before the 
Iustitution of Civil Engineers in April 1858, to which the present 
one on Concrete is a sequel, completing the monograph on the 
lime used in this one work. 

I also read a paper lately before the Royal Society here upon 
the “Solidification of Limes and Cements,” which was founded 
partly on the London Dock experiments and partly on a continu- 
ation of them at Leith Docks. 

The new works made by the London Dock Company consist of 
a new basin thrown into one with the old Shadwell basin, and two 
large locks 350 feet long and 60 broad, parallel with the former 
small ones; one to lock vessels up if necessary from the river 
Thames to the basin, and the other for vessels proceeding to the 
eastern dock, the water level of which is usually kept above 
Trinity high-water mark by a pumping engine. 

Borings of the ground occupied by the new works showed how 
advantageously concrete could be used in their construction. 
Below the first eight feet of made ground and brick rubbish is a 
bed of brown clay some 6 or 7 feet thick; then a bed of peat 
averaging 6 feet, but often much thicker, full of remains of beech, 
oak, hazel, and other trees. The lower part of this peat was full 
of veins and lumps of uiphosphate of iron, native Prussian 
blue. This made an excellent pigment when ground up with 
gum water, of a delicate smalt Sod which I used in tinting 
working drawings. Below the peat is a thin bed of clay, the 
bright blue colour of which was very likely due to this colour- 
ing matter in the overlying peat. Under the peat and clay isa 
thick bed of flint gravel, Thames ballast, which extended nearly 
over the whole area of the new works. In some places it was fine 
enough to form sharp clean sand for mortar,in other places 
coarse gravel well adapted for concrete. The chief material for 
concrete was therefore on the very site of the works ready for use, 
and the whole expense was saved likewise of barging it up to 
Battersea Park, S os we were permitted to shoot out the exca- 
vations. Under the gravel, at an average depth of 30 feet below 
Trinity high-water, fes the solid London clay, into which, of 
course, most of the foundation had to be carried. The bed of 
sand and gravel was more than 12 feet thick at the two locks, but 
thinned out completely at the north wall of the basin. The bal- 


* Read before the Royal Scottish Society of Arte, 


Jan, 1, 1862] 


lat was in sufficient abundance to supply all the concrete re- 
quired for foundations and counterforts, and to leave enough over 
to make it worth while using it for the dock walls themselves. 

The subject naturally divides itself into two divisions—the 
manufacture and the application of the concrete. 

The Manufacture.—The great mass of the concrete was made 
with naturally hydraulic lime, blue lias from Lyme Regis in 
Dorsetshire, which requires no artificial mixture with pozzuolana 
or minion to render it capable of setting permanently under water. 
The word "concrete" in this paper implies, therefore, that made 
with blue lias lime, unless otherwise specified. The Dorsetshire 
lias was the only lime burned on the works; all lias from War- 
wickshire or Leicestershire was bought ready burned from the 
merchants. Lias requires much greater care in burning than 
richer limes, because any sudden or extra heat, which would do 
little harm to Dorking lime, greatly injures lias, by forming a glass 
between the silica and the lime in the stone, instead of only 
driving off the water and carbonic acid. The combination be- 
tween the silica and lime, to which lias owes its hydraulic pro- 
perties, ought only to take place in the humid way—i.e, with 
the assistance of water, after the application of the lime as mor- 
tar or concrete. Lias comes from Ios Regis in two different 
forms—the one with a clean conchoidal fracture, and the other of 
ashaly nature, approaching in ap ce even to clay slate, but 
quite soft. The shaly lias, which contains so much clay as to 
have the properties of a cement, is not so desirable as the hard 
clean stone, because it carries less sand, and is therefore more ex- 
pensive. The stone cost 4«. 3d. a ton when shipped at Lyme, but 
10s. 9d. before it was stacked round the kiln at London, which is as 
much as the same stone costs delivered at the works of the new 
graving dock at Leith. Freight to London is always heavy, for there 
is no steady return freight like coal to be had. Notwithstanding 
tbe high price ofthe stone delivered at Shadwell, and having to 
pay freight on thousands of tons of water and carbouic acid to be 
afterwards driven off by the heat of the kiln, the engineer-in-chief 
of the Dock Company, the late Mr. Rendel, determined to burn 
the limestone in London, as the extra cost would be a compara- 
tively small item in such extensive works. 
to have the best possible lime where concrete was to play so 
important a part. 

Two egg-shaped draw kilns of bricks were therefore erected, 
of a total height of 43 feet from the floor to the top of the dome, 
and an extreme internal diameter of 14 feet, contracting to 5 feet 
at the fire bars, and 11 ft. 6 in. at 32 feet above the floor. The 
practical objection to having a less diameter than this at the top 
is the difficulty that would arise in charging the kiln with evenly 
distributed lnyera of coal and stone eim in from barrows at 
the top through the windows in the dome. It has likewise been 
objected that a contracted top to a kiln prevents the escape of 
carbonic acid, although it has a counterbalancing advantage in 
confining the heat, and türowiug it down with a reverberatory 
effect on the charge. This theoretical objection appears to be 
fanciful. It was found necessary, after these kilns had been 
working for a short time, to dome the mouth over with a brick 
arch to prevent stones from flying into the neighbouring streets. 
The chimney at the top of this was only 3 feet in diameter, and 
yet no difference was afterwards perceptible either in the time 
required for burning, or in the percentage of imperfectly burned 
atone. On the other hand, there is little doubt that the dome 
acted economically on the coal required, for the average of 7000 
tous of limestone was little more than one ton of coal to 113 of 
stone, the limits being 1 to 10 and 1 to 13. Carbonic acid came 
away freely after the kiln had been lighted for three hours, and 
it appeared to have ample room for escape. An average of 11} 
tons of stone burned by one ton of coal is very high; but the coal 
was Welsh, and cost £1 le. a ton. Newcastle coal, or bituminous 
coal in general, was inadmissable; for it was essential to have 
little or no smoke from kilns in the heart of London. At Leith, 
one ton of the coal of the neighbourhood appears to burn only 6 
or7 tons of lias; but the coal is only one-third of the price of 
Welsh coal. The barrows of coal and properly broken stone 
were lifted to the top of the kiln by a hoist worked by the mor- 
tarmill engine, and were tip in through three openings in 
each dome, as evenly as possible. After the kiln was lighted, 
these windows were kept closed with boiler-plate shutters, The 
cost of charging, including breaking up the stone and coal, was 
le. 6d, per ton of the two when mixed in the kiln. Unless the 
demand for quicklime was very irregular, the kilns were always 
kept lighted; but whenever they were allowed to go out, the 


It was very desirable 
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charge of quicklime was left in the kiln, as the place most free 
from moisture. Whenever the fire is let out in draw kilns, the 
next charge is nearly sure to burn irregularly, and there is a con- 
siderable loss of heat in rewarming the kiln. Draw kilns are 
liable to irregularity from apparently slight causes, such as the 
direction of the wind, &c.; and in the Shadwell kilns there was 
also a permanent tendency to burn quickest down the side warmed 
by the adjacent kiln, for they were both in one block of building. 
But draw kilns are better suited for burning lias than flare kilus, 
as the heat is more uniformly distributed HON the charge; 
there is thereforeless danger of overburning the lower half and 
underburning the upper. 

Each kiln held 100 tons of stone, and burnt 21 tons per diem. 
The two together produced 25 tous of quick-lime every day, a 
quantity sufficient for about 97 cubic yards of mortar, or 170 
cubic yards of concrete; 9 tons of coal will burn 100 tons of 
stone, which produce 59:37 tons of quick-lime, or 1583 bushels of 
guod ime enough for 400 cnbic yards of concrete, when the 

allast is moderately dry. Drawing the lime from the kiln cost 
lid. per ton of quick-lime. The total cost of the burnt lime 
amounted to 24s. per ton. When quite hot from the kiln, 26 
bushels of ground-lime went to the ton; but after keeping some 
time a ton swelled to 30 bushels, which is what bought lias usually 
weighs, A bushel of lime, ground when fresh burnt, contains 
therefore one-seveuth more lime than a bushel of stale lime; and 
a cubic yard of concrete, of specified proportions, is so much the 
better when made with fresh lime. 

Coke was used in the kiln for a short time, but it was found to 
be 8 per cent. dearer than Welsh coal; and, moreover, the heat 
given out by it was too quick aud strong, casing many of the 
stones over with a vitrified silicate, which hindered the free 
escape of carbonic acid. When coke was burnt, therefore, the 
percentage of unburnt stone was raised much above the usual 
average of 14 or 2 per cent. 

The equally burnt and softest lumpe, usually of a buff colour, 
were picked out for grinding; and the remainder, more of a liver 
colour, slaked for mortar in the manner described in my paper 
before alluded to. The lumps were first broken tolerably small 
by hand, and then crushed still smaller between iron rollers re- 
volving in the hopper of the grindstones. These rollers were at 
first made fluted, but it was found that strong projecting cogs did 
the work more effectually. The hopper was fed with lumps of 
lime by an endless chain of small wrought-iron buckets worked 
by the engine. It was intended that these should be self-acting, 
and dredge the lime up from a well; hut it was found necessary to 
have a man constantly feeding them with a spade, or the supply 
was not regular. 

I may mention that a similar endless chain of cast-iron buckets 
was used very successfully for dredging a hole through the gravel, 
into which the piles of the cofferdam were dropped, and then 
driven into the clay. By means of these dredgers, fir piles were 
got down tirongh conglomerated gravel like * Blackwall rock," 
in which it was found almost impossible to driveelm. The sides of 
a hole 20 feet deep stood quite perpendicular when there was a 
head of water on the hole, the hole being made large enough to 
take in about four piles in a row. 

The lime was ground to a fine powder between two pairs of 
horizontal French burr millstones; the upper one revolving at a 
e of 90 revolutions per minute. Each pair of stones was 
able to grind three tons of quick-lime per hour, at & total cost for 
grinding of 1d. per bushel when the consumption was 360 bushels 
pe diem; less, if more lime was used. This is made up as fol- 
ows:—Feeding and attending to the hopper and lift, 34.; engine 
power, 1d.; measuring the lime into bags for the contractor, and 
recutting the stones as the furrows became worn, the remaining 
id. A bushel of lime ground fresh from the kiln weighed 84 lb.; 


and at this weight the total cost was 11jd. In buying ground- 
lime from a merchant, if the purchaser buys by weight, e pays 
for the water absorbed from the atmosphere; if he buys by 


measure, he pays for the expansion caused by that moisture: the 
fairest way for both parties would be to specify the bushel to be 
of a certain average weight—way for lias from Lyme Regis 80 lb. 
This would allow for the lime not being quite fresh, but would 
prevent it from being too stale. 

The grindstones were composed of burrs from the fresh-water 
beds of the Paris basin, set in two radiated rings in cement, and 
backed up with plaster of Paris and mortar. The “skirts” or 
outside burrs were 5 inches thick; the central or “high burrs” 
somewhat thicker, to allow for the “swallow,” which is a slight 
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depression in the centre of the upper stone, about 2 feet in dia- 
meter, and at most 3 inches deep. This acta as a kind of dis- 
tributing reservoir for the lime as it falls from the hopper between 
the stones. 

The face of the stones was divided into ten “quarterings” by 
“master furrows,” each of them being tangential to an imagi- 
nary circle concentric with the stone, and called its “draft.” The 
size of this regulated the quantity of lime passing through the 
stones in a given time. A radius of 5 inches was found to grind 
90 bushels per hour of a sufficiently fine quality. The particles 
of lime, whirling round near the centre of the stone, E their 
eentrifugal velocity pass towards the outside along the master 
furrows, being ground finer as they recede from the central de- 
pression. Each master furrow had two other distributing furrows 
leading out of it, parallel to the former master furrow. The 
furrows are shallow grooves, or rather nicks about 1} iuch wide, 
with the cutting edge sharp, and the other bevelled. 

The gravel found on the works was not always so free from clay 
as could be wished. It had often to be screened, to reduce the 
quantity of sand to the proportions necessary to form a good 
mortar with the lime used. Concrete is really minute rubble 
work of pebbles set in mortar, niore or less perfect according to 
the care taken in mixing the ingredients, In theoretically per- 
fect concrete, the mortar should be made, first, to insure a per- 
fect matrix for the pebbles to be embedded in; but this is not the 
usual practice in this country. The great mass of the concrete 
was composed of one measure of lias lime to six measures of 
gravel: both being measured by boxes, and not by guess-work. 

ometimes, however, a layer of gravel was spread out a foot 
thick, and then lime laid over it for a depth of two inches. This 
is not so good a way of measuring as by boxes, because the lime 
falls between the pebbles, and the concrete is richer in lime than 
the engineer intends, which is no advantage to the work, and is, 
of course, a loss to the contractor. When the ballast was mode- 
rately dry, 12 cubic yards of gravel and 2 cubic yards of lime 
made 11 cubic yards of concrete, mixed and deposited. The 
shrinkage from the dry materials was then 22 per cent.; but if 
the ballast happened to be very dry, the shrinkage was more, and 
the same quantities made only 10 cubic yards. 

A cubic yard of concrete requires about 38 gallons of water to 
bring the dry materials to the requisite state of fluidity. Of this 
quantity nearly 8 gallons enter into chemical combination with 
the oxide of calcium in the lias, and 30 gallons are either ab- 
sorbed mechanically by the pores of the lime, retained by capil- 
lary attraction between the grains of sand, or lost by evaporation. 
After the concrete has been mixed and deposited, a gradual ex- 
pansion takes place from the chemical action of the lime slaking; 
the less of this swelling, however, the better, as it disturbs the 
setting of the mortar round the pebbles, and causes friability in 
concrete. Whenever concrete is made with quick-lime (as it 
usually is) there must be a certain amount of friability from this 
cause ; and, therefore, when it is important to have noswelling, as 
in blocks of concrete which have to be lifted, recourse must be 
had to slaked lime, or else to cement, which contracts rather than 
expands in setting. In the one case the concrete is long in hard- 
ening, having more moisture in it than the lime can absorb; and 
in the use of cement more expense is incurred. Portland cement 
is, however, not so expensive as might at first appear from the 
cement being double the price of lime, because the proportion 
to the ballast may be considerably reduced. 

Some experiments on the expansion of concrete proved to me 
that it variesa little with the season of the vear. In hot sammer 
weather the expansion of a cubic foot in twenty-four hours after 
mixing wasas much as 4th of its bulk, usually zd; but in frosty 
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weather it rarely exceeded jth. The force exerted in the ex-; 


pansion was always sufficient to burat the box in which the con- 
crete had been deposited; the amount might even be measured by 
the distance the nails were drawn out. henever the expansion 
exceeded 4th of the bulk, I considered the concrete too rich in 
lime; and that there was more than would, when slaked, fill up 
the interstices of the sand and fliuts, and coat each in with a 
thin pellicle of lime. More than this is not required, for too 
thick a coating of lime causes weakness, and not strength. 

The gravel and lime were mixed together on a platform of 
planks, and were turned over twice in the dry state, and twice 
with water gradually added. The concrete was then wheeled in 
barrows, aad shot into the required place from planks a few feet 
above. The idea that concrete should be thrown in from a great 
height is erroneous, for it then falls with too great force, and dis- 
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turbs the setting of the mass below, causing unnecessary friability. 
This was particularly noticeable in the deep pits for the counter- 
forts of the north wall of the basin, where the concrete had un- 
avoidably to be thrown from a height of 30 feet. The force of 
the blow set the whole mass in motion for some feet down, even 
after setting had fairly commenced. Lias concrete sets slowly, 
and in this case it was impossible to wait long enough for each 
layer to become perfectly hen before depositing another, as the 
wall had to built with the utmost expedition, as will be seen here- 
after. Anything gained in density by a fall of more than 6 feet 
is more than connterbalanced by the disturbances to the mass 
below. The grand rule in concrete is, not to disturb it after set- 
ting has once commenced. Wherever it ia necessary to shovel it 
into corners, or pack it between stones, it should be done at once, 
and the concrete not touched again. The swelling of the lime 
during slaking causes enough natnral friability, without increasing 
it by after-disturbance. 

By arrangement in the contract with Messrs. W. Cubitt and 
Co., the contractors for the greater portion of the permanent 
work, ground lias lime was sold to them for 10d. per bushel; and 
at tee price the cost of making a cubic yard of concrete was as 
follows:— 


&. d. 

3} bushels of lime, at 10d. . 3 3 4 
Loading, waste, and baga for ditto, 0 3 
Getting gravel. . 7 : è 0 6 
Wheeling do. (say 5 runs). . 0 4 
Screening and selecting ditto. 0 8 
Mixing and depositing. 1 1 

Platforms. . è 0 i} 
Total cost per cubic yard = 5 8 

As the 


uantity of gravel fit for concrete was uncertain before 
the eronad was opened up, for the sake of simplicity the whole 
excavation had been estimated as barged away; and for each cubic 
yard of gravel used as concrete, a certain deduction was made in 
the monthly payments. 

The supply of water for mixing the concrete was obtained from 
pipes laid down to the various parts of the works, either from 
the street mains or from the launder of the pumping engine. In 
mixing large quantities the expense of laying pipes is soon saved. 

The Application.—Concrete was applied on the works of the 
London Dock extension in several ways:—Ist, In foundations for 
masonry or brickwork, as a means of spreading the weight over a 
large surface; 2nd, As the cheapest method of reaching a good 
foundation in the clay or gravel, whether for walls or piers of 
warehouses, &c.; 3rd, In the dock walls themselves, wherever the 
concrete would not be exposed to the alternate action of wind and 
water; 4th, As counterforts or buttresses, on which nothing waa 
to be afterwards built, but where weight was wanted. 

In all these cases it is to be noticed that it was applied as a 
mass, in the monolithic form, which is the true use and value of 
concrete, Whenever it is moulded into separate blocks, to be 
afterwards set in proximity to each other, concrete becomes 
au inferior substitute for stone, although often an economical and 
useful one. 

The whole of the side walls of the two locks rested upon a bed 
of concrete, of a thickness varying very much with the level of 
the clay, from 3 feet to 6 inches. The invert of the lock chambers 
was laid on concrete, and the spandrils of the arch filled up with it. 
The high chimney of the pumping-engine house stood on a square 
of concrete of considerable thickness, the pumping engine iteelf 
resting on beech piling. As this chimney was very close both to 
the pumping well (18 feet in diameter) and to the excavation for 
the lower dock, there was some risk of unequal settlement. A 
plumb-bob was therefore left suspended in the chimney, which at 
once would give warning of any inclination either way. Some 
time after the chimney was built the plumb-bob showed that the 
shaft had inclined several inches towards the excavation. A 
quantity of limestone was at once stacked round the base of the 
chimney on the opposite side, which brought the shaft back tothe 
perpendicular. 

Concrete was used as the cheapest means of reaching the clay, 
in the foundations for the lattice swing-bridges over the locks; 
the bridge pits dues den arches, the piers of which were of con- 

crete upto a certain height. Columns of concrete were built up 
likewisein the proper places, upon which carnes and capstans 
might be placed when required. The whole of the walls and iron 
columnsof the new warehouse rested on trenches of concrete 
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about 8 feet wide, and averaging perhaps 8 feet in thiokness, 
from the top of the natural gravel to the level of 17 feet below 
high water. As the concrete here was not to be exposed to the 
direct action of water, it was made of Dorking or grey stone lime, 
in the proportion of 1 of ground lime to 8 of ballast. This lime 
carries more sand than lias; is but feebly hydraulic, and, indeed, 
not permanently so at all. It isthe lime used in London for 
building purposes, and by some engineers even in dock work 
when mixed with pozzuolana, 

By far the largest quantity of the gravel found in the excava- 
tion was used up in the construction of the walls of the basin, in 
which everything below the level of 17 feet from high water was of 
concrete, faced with two feet of Kentish rag-stone, to protect the 
surface from the disintegrating effects of water. At this low 
level there was no fear of vessels rubbing against the rough 
faces of the rag-stone. The general type of the basin walls was 
much the same as that of the West India Junction Dock walls, 
where Mr. Rendel used concrete of 1 part of Portland cement to 
9 parts of gravel. 

The cancrete portion of the basin walls was 17 ft. 6 in. broad at 
the bottom, and 11 ft. 6 in. at the top, the face being curved at 
first to a radius of 11 feet, and then carried up with a batter to 
the bottom of the brickwork, which was perpendicular. When- 
ever concrete is faced with rag-stone, it should be built with & 
batter, and the layers slightly inclining away from the face. All 
danger of the wall bulging out, or of the face-work peeling off, is 
then avoided. The Kentish rag-stons facing was hammer-dressed 
on the joints for a specified distance in, and care was taken to 
have at intervals long wedged-shaped stones, with the broad end 
inwards, tailing well into the concrete, which was carefully packed 
between the joints when first deposited. About two feet high of 
face work was first set, and then the concrete deposited in two 
layers of about one foot thick each. The first layer was allowed 
to harden for at least tweuty-four hours before the second was 
deposited, and they were always arranged so as to break joint. 
A layer of concrete does not thoroughly incorporate with a pre* 
vious one unless the meeting surfaces be kept rough, and free 
from sand. But, by sweeping off all sand, nud, if necessary, 
picking the face in furrows, and by breakiug joint with the layers, 
ali danger is avoided of either a vertical or horizontal run of water 
through a mass of concrete. The brickwork of the‘upper half of 
the wall, with its counterforts, was not laid on landings, as in 
the lock walls, but was fur three feetset in superior mortar, with 
hoop-iron bond every three or four courses, 

The above description applies to the east, west, and south walla 
of the basin; but the north wal) varied materially from the 
general section, and was altogether very instructive, from the 
difficulties encountered in building it. The east end of the wall 
had been commenced in the usual way, by taking out the ex- 
cavation of the basin in front and of the wall to the natural 
slope of the earth, when alarming cracks appeared in the church- 

ard of St, Paul's, Shadwell, and the whole ground on which the 

igh-street and this' church, with its han daome steeple, were 
built, appeared to be slipping into the works, for a length of 800 
feet. Any one who witnessed the fall of the terrace at Ramsay 
Gardens some months ago, will understand, on a small scale, the 
result of such a catastrophe. The excavations were at once 
stopped, and borings made inthe churchyard and adjoining 
streets, outside of the parliamentary boundaries of the dock com- 
pany. The surface of the London clay was found to rise sud- 
denly in a slope of 1 in 10 from the basin to the High-street, so 
that the whole prism of earth, resting on an iucline, was only 
kept up by the weight of the earth in front. It was necessary, 
therefore, to alter the character of the wall, and to stop the 
excavation of the basin till the wall was completely built, and 
ready to take the thrust of the ground behind. For the better 
[ilis of the church, which was in more danger than the 

ouses, a perfect forest of piles was driven into the clay in front 
ofthe churchyard. These were in four or five rows deep, several 
feet apart, and connected by walings at right angles to the basin 
wall The ground was next taken out in pits, in the line of the 
wall, 50.feet centre to centre, 20 feet wide, and 40 feet back from 
tha coping. These were carried well down into the clay, and the 
bottoms cut in steps, sloping away from thebasin. The pita were 
filled in solid with concrete, up to the level of 17 feet below high 
water, the face bein prote. by two feet thick of Kentish rag 
as usual. Brick arches were then turned from pier to pier, to 
sapport the upper half of the wall, which was of the ordinary 
Character. 
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To prevent the ground between the piers from falling through 
into the basin, vertical brick arches, 3 feet thick, were turned 
from counterfort to counterfort, and backed with puddle or 
concrete. These arches were founded in the clay, on the top 
of a strong slope of concrete, faced with a foot of puddle, to 
protect the surface from water. The wall carried at the back of 
ìt a culvert four feet in diameter, for keeping up the water level 
in the eastern dock or the new basin if required. 

After the counterforts were finished, and the arches turned, the 
ground in front of the coping line was excavated, and the toes of 
the slopes and piers put in with Portland cement concrete, in the 

roportion of 1 of cement to 9 of gravel. This seta faster than 
ias concrete, and is heavier, a cubic foot of each weighing 139 1b. 
and 129 lb. respectively. 

Before the water was let into the basin, the north wall resem- 
bled a massive viaduct more than a quay wall for ships to lie 
against; but after the water was admitted the arches were not 
seen, as their crowns were eight feet below high-water level. 

The use of concrete by Mr. Rendel in the London Dock Exten- 
sion is an excellent example of what good engineering ought 
always to be; viz., the application, in the best and most economical 
form, of the material closest at band, so long as that is consistent 
with strength and durability. 


oo 


THE IRON-CASED SHIPS OF THE BRITISH 
NAVY.* 
By E. J. RzEp, Sec. Inst. Naval Architects. 


Tue construction of iron-cased ships of war is engrossing so 
much of the attention of scientific meu atthe present moment, and is 
manifestly fraught with such important consequences in financial 
respects, that this Association could not well be expected to 
assemble, even in Manchester, without taking the subject into 
consideration. 

With the view of best fulfilling the intentions with which the 
gentlemen of the Mechanical Section made this the chief topic of 
to-day’s deliberations, I propose— 

lst. To glance briefly at the circumstances under which the 
British Admiralty resorted to the construction of iron-cased sea- 
going ships of war. 

2nd. To state as compactly as possible the principal features of 
the ships which the admiralty are building and propose to 
build. 

And 3rdly. To bring to the notice of this Association the great 
increase of dock accommodation which iron-cased ships have 
rendered necessary. 

Early in 1859, the secretary to the admiralty, the accountant- 
general of the navy, and the secretary and chief clerk to the trea- 
sury, together reported to the government of the day (Lord 
Derby’s) that France was building “four iron-sided ships, of which 
two were more than half completed,” and that these ships were 
to take the place of line-of-battle ships for the future. “So con- 
vinced do naval men seem to be in France of the irresistible 
qualities of these ships,” said those gentlemen, “that they are of 
opinion that no more ships of the line will be laid down.” In 
another part of their report they said, “The present seems a 
state of transition, as regards naval architecture, inducing the 
French government to suspend the laying down of new ships of 
the line altogether.” At the instance of Sir John Pakington, 
then first lord of the admiralty, this report was immediately 
presented to parliansent, and thus obtained universal publicity. 

From that time forward, then, we have all known perfectly 
well what the plans of the French government in this matter 
were, and we have known equally well that the only mode of 
keeping pace even with France in the production of iron-cased 
ships was to lay down four of them to match the four which she 
at that time possessed, and to build as many more annually as 
she saw fit to add to her navy. In pursuance of this very simple 
policy, Sir John Pakington nt once had desigus of a formidable 
class of iron-cased ships prepared, and ordered the construction of 
one of these vessels, the Warrior. 

The present board of admiralty shortly afterwards succeeded 
to power, and ordered a second of these vessels, the Black Priuce, 
and after some delay also issued contracts for the Defence and 
Resistance. No other vessel ofthe kind was actually commenced 
until the present year; so that in the beginning of 1561 we had 


* Paper read at a Meeting of the British Association, Manchester, September 1861. 
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only just attained the position which France held in the beginning 
of 1859, having “four iron-sided ships, of which two were more 
than half completed." Meantime France had been devoting the 
bulk of her naval expenditure for two whole years to the produc- 


tion of similar vessele, and is consequently now in possession of 


an iron-cased fleet far more considerable and more forward than 
ours. 

At length, however, our sluggishness has been overcome, and 
we have set ourselves earnestly to work to repair our past 
deficiencies. The Hector and Valiant have been laid down, and 
are being urged rapidly forward; the Achilles, after a year’s pre- 

ration, has been fairly commenced; the Royal Alfred, the 

yal Oak, the Caledonia, the Ocean, and the Triumph are in 
progress; and contracts have just been isaued for the construction 
of three out of six other iron-cased ships, the building of which 
has for some time been decided upon. The peculiar features and 
proportions of these vessels I shall presently describe; but I will 
first state some of the causes which have led to delay in this 
matter, and set forth the circumstances under which we have at 
last been compelled to advance. 

We have heard much in varions quarters about the invention 
of iron-cased ships, the credit of which is usually accorded to his 
Imperial Majesty Napoleon IIL, although there are score: of 

rsons, both here and in America, who claim it for themselves. 

ut the truth is, very little invention has been displayed in the 
French iron-cased ships. Their designers have almost exclusively 
confined themselves to the very simple process of reducing a 
wooden line-of-battle ship to the height ofa frigate, and replacin 
the weight thus removed | by an iron casing 4% inches thick in| 
ope the dwarfed vessel. It was not possible to produce a very 
efficient ship by these means; so they have contented themselves, 
in most cases, with vessels like La Gloire, which carry their ports 
very near to the water when fully equipped for sea, and are 
characterised by other imperfections that it would be easy to 
point out. The reporta of her efficiency which have appeared in 
the French newspapers prove nothing in opposition to what I 
here state. The writers in those papers have systematically 
exaggerated the qualities of the French ships for years past, 
representing that they could steam at impossible speeds, and carry 
as much fuel as any two of our ships. Bat these are atatements 
which can be disposed of by scientific calculations of the most 
elementary kind, and the untruth of the French accounts has 
been so demonstrated over and over again. With the drawings 
and other particulars of La Gloire before us we could tell with the 
greatest dece what fuel she can stow, how fast she can 
steam, and at what height her ports are above the water. We 
have not, it is true, ail the details of the ship before us yet; but 
we have enough to demonstrate her real qualities with sufficient 
accuracy for my present purpose, and I confidently assert that 
she is seriously defective as a war-ship in many respects. 

Now, from the very first our admiralty has been averse to the 
construction of such vessels as La Gloire, and to the rough-and- 
ready solution of the iron-cased ship problem which she embodies. 
Whether their aversion was wise or not, under the peculiar circum- 
stances of the case, I sliall not presume to say; but that they 
could speedily have produced a fleet of ships in every way equal 
to La Gloire, had they pleased, there is not the slightest doubt. 
Instead of doing this, however, they have asked ' How do we 
know whether a plated wooden ship, or a plated iron ship is the 
better? How do we know whether the plating should extend 
from stem to stern, or not? How do we know whether the side 
ahould be upright or inclined? or whether the plating should be 
backed with wood or not? or whether it should form part of the 
hull or not? or whether it should be made of rolled iron or of 
hammered? or what its thickness should be? or how it should be 
fastened?” and so forth. And while all these questions have 
been asked, we have peus nearly stood still. 

It is only fair to Sir John Pnakington’s board of admiralty to 
say however, that, without waiting for answers to them he 
ordered, as we have seen, the Warrior, which is now afloat on 
the Thames. Those of you who, like myself, proceeded to Green- 
hithe in this vessel on the 8th of August, or have visited her there 
sinee, will doubtless concur in the praise almost universally 
accorded to her. In all the yacht squadrons of the couutry there 
is not a handsomer vessel than the Warrior; yet there are few 
iron-cased sbips in the French navy that will bear comparison 
with her as a vessel of war. She has been so often described in 
the public jonrnals, and particularly in the ‘Cornhill Magazine’ 
for February last, that I need not stay to describe her here. 
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It is alao to the credit of the present board of admiralty, that 
on their accession to office they hastened to order the Warrior’s 
sister ship, the Black Prince, which I doubt not 18 in every respect 
her Seni But why they soon afterwards built the Defence and 
Resistance, ships of 280 feet in length, 54 feet broad, and 3700 
tons burden, of only 600 horse-power, and plated over less than 
half their length, 1 cannot conceive. I am aware that these 
vessels are primarily designed for coast defence, and that their 
draught of water is more favourable than La Gloire's for this pur- 

theirs being 25 feet, and hers 27 ft. 6 in. But with engines 
of only 600 horse-power their speed must necessarily be luw, and 
with so small a portion of their sides coated with thick plates 
they will be unfitted to stand that continued “pounding” to 
which a low-speed coast-defence vessel would be more exposed than 
a fast sea-going ship. The same pies tans hold toa certain extent 
against the Hector and Valiant class, which are of the same 
length and very nearly the same draught of water an the Defence 
and Resistance; but their increased engine-power of 800 horses 
(which has led to an increased breadth of 2 ft. 3 in., and an 
increased tonnage of 360 tons) will secure for them a higher speed, 
and their thick plating has been continued entirely round the 
main deck, so as to protect the gunners throughout the length of 
the ship; and these, therefore, though defective, are certainly 
better vessels than the others. 

It is important to observe that, notwithstanding the long delay 
of the admiralty, and despite all we have heard respecting 
experimental targets, the irresistible determination of par 
liament to have a large iron-cased fleet has overtaken the 
admiralty before they have obtained answers to any one 
even of the questions which we have before mentioned, and upon 
which they have been so long deliberating. The cause of this 
is undoubtedly to be found in the indisposition of the admiralty 
to perform experiments upou a sufficiently large scale. Small 
targeta, a few feet square, have been constructed and tested in 

bundance; but the results thus obtained correspond to nothing 
Brat would take place in practice against a full-size ship afloat. 
Not a single target of sufficient size, and of good manufacture, has 
yet been tested. The admiralty are at length, however, havin 
suitable structures prepared; and before long some of our principa 
doubts upon this subject will be resolved, Perhaps the slackness 
of the board'in undertaking these colossal experiments will be 
understood wheu I say that a committee of eminent private ship- 
builders, including Mr. Scott Russell, Mr. Laird, Mr. Samuda, and 
Mr. R. Napier, have estimated that a target large enough to try 
half-a-dozen modes of construction would cost no less a sum than 
£45,000, and that another £45,000 would have to be expended 
upon an iron hui! capable of floating this target, if the use of sueh 
& hull were considered indispensable. 

But, however uuprepared the admiralty may still be, they have 
been compelled by the public sentimeut, and by the power of par- 
liament, to make large additions to our iron-cased fleet during 
the last few mouths. When the House of Commons devotes 
immense sums of money to a national object with acclamations, 
and the single opponent of the measure acknowledges himself in 
error, the time for questioning and parleying upon points of 
detail is And this is what has happened in this iron- 
cased ship business. Tlie government has declared a number of 
new ships necessary; parliament has voted the requisite fands 
with unanimity and cheers; Mr. Lindsay has confessed himself in 
error; aud the board of admiralty have been instructed to build 
the ships with all possible despatch. Let us now see what kind 
of ships they are to be. 

The first of them, the Achilles, which haa recently been nin 
Chatham Dockyard, so nearly resembles the Warrior and Black 
Prince, that a very few words will suffice for her. The 
chief difference between her and those vessels lies, J believe, in 
the fact that her beam is slightly broader, and her floor somewhat 
flatter, than her predecessors, whereby her tonuage is increased 
from 6039 to 6089 tons, and her displacement from 8625 to 3030 
tons. All her other dimensions, and all her essential featurex of 
construction, are exactly like those of the Warrior,—from wh 8h 
it may be inferred that the methdd of plating the central pitt 
only of the ship, which was introduced by your distinguish 8 
vice-president, Mr. Scott Russell, is still viewed with favour W 
the admiralty designers. Mr. Scott Russell did not patent tts 
invention, I believe; perhaps he will kindly tell us whether 
has found his rejection of the Patent Law to pay him well in ub 
instance. 

In the class of ships which come next, however, the admiraly 
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have consented to fo the plan of plating amidships only, and 
purpose plating the ship from end to end with thick iron. But 
in order to do this it has been necessary to resort to larger 
dimensions than the Warriors; and hence these six new ships, 
three of which have just been contracted for, are to be 20 feet 
longer than her, 15 inches broader, of 582 tona additional burden, 
and 1245 tons additional displacement. As the displacement is 
the true measureof the ship’s actual size below the water, or of 
ber weight, it is evident that the new ahips are to be considerably 
more than 1000 tons larger than the Warrior class. As their 
engines are to be only of the same power, their speed will pro- 
bably be less.* This dimiuisted speed ia one of the penalties 
which have to be paid for protecting the extremities of the ship 
with thick plates, Another will probably be u great tendency to 

lunge and chop in asea-way. The construction of such vessels 
is a series of compromises, and no one can fairly blame the 
admiralty for building ves:els on various plans, so that their 
relative merits may be practically tested. 

The cost of this new class of ships will exceed that of the 
Warrior class by many thousands of pounds, owing to the 
increased size. But it will certainly be a noble specimen of a 
warship. A vessel built throughout of iron, 400 Pot long and 
nearly 60 broad, invulnerable from end to end to all shell and to 
nearly all shot, armed with an abundance of the most powerful 
ordnance, with ports 9 ft. 6 in. above the water, and steaming at 
a speed of, say 13 knots per hour, will indeed be a formidable 
engine of war. And, if the present intentions of the admiralty 
are carried out, we shall add six such vessels to our navy during 
the next year or two. We must be prepared, huwever, to dis- 
pense with all beautifying devices in these ships. Their atems 
are to be upright, or very nearly so, and without the forward- 
reaching “ knee of the head” which adds so much to the hace 
of our present vessels, Their sterns will also be upright, and le 
as devoid of adornment as the bows. It should also be stated, as 
a characteristic feature of these six new ships, that their thick 
plating will not extend quite to the bow at the upper part, but 
will stop at its junction with a transverse plated bulkhead some 
little distance from the stem, and this bulkhead will rise to a 
IUE HE height to protect the spar deck from being raked by 

ot. 

It has not yet been decided whether these new iron ships are 
to have their plating backed up with teak timber, as in the 
previous ships; or whether plating 65 inchesin thickness, without 
a wood backing, is to be applied to them. The determination of 
this point is to be dependent, I believe, upon the results of the 
forthcoming experiments with the large targets to which I have 
previously adverted, and partly upon the recommendations of the 
iron plate committee, to which our president belongs, and 
which is presided over by that distinguished officer, Captain 
Bir John Dalrymple Hay, R.N. All that has been decided ig, 
that whether the armour be of iron alone, or of iron and wood 
combined, its weight is to be equivalent to that of iron 64 inches 
thick. The designs of the ship have been prepared subject to 
this arrangement, and provision has been made in the contracts 
for the adoption of whichever form of armour may be deemed best 
when the time comes for applying it. 

All the iron-cased ships which I have thus far described are 
built, or to be built, of iron throughout, except in so far as the 
timber backing of the plates, the planking of the decks, and cer- 
tain internal fittings may be concerned. I now come to notice 
a very different class of vessel, in which the hull is to be formed 
mainly of timber, the armour plating being brought upon the 
ordinary outside planking. The Royal Alfred, Royal Oak, 
Caledonia, Ocean, and Triumph are to be of this class. Their 
dimensions are to be—length 273 feet, breadth 58 ft. 5in., depth 
in hold 19 ft. 10 in., mean draught of water 25 ft. 9 in., and height 
of port 7 feet. They are to be of 4045 tons burden, and to have 
a displacement of 6839 tons. They are to be fitted with engines 
of 1000 horse-power. They are being framed with timbers 
originally designed for wooden line-of-battle ships, but are to be 
18 feet longer than those ships were tobe. They will form a class 
of vessels intermediate between the Hector and the Warrior 
classea, but, unlike both of them, will be plated with armour from 
end to end. They will be without knees of the head, and with 
dirt sterns; and will therefore look very nearly as ugly as La 

loire, although in other respects much superior Vilis being 


* Since this paper was read at Manchester, I have learnt that the controller of 
the navy always intended those vessels to have a speed of 14 knots, aud will give them 
RAclently powerful engines to secure that, if possible. —E. J. R. 
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21 ft. 6 in. longer, 3ft. 5 in. broader, and of less draught of water. 
They will aleo be quite equal to her in speed. 

It will occur to some now present, that in adopting this class of 
ship we have, after three years' delay, approximated somewhat to 
the Gloire model at last, And undoubtedly we have done so, in 
the present emergency, in order to compete with the movements 
which France is now making. At the same time, we have not 
gone to work quite so clumsily as our neighbours. Instead of re- 
taining the old line-of-battle ship proportions, we have gone some- 
what beyond them; and have lifted all the decks, in order to raise 
our guns higher above the water. We have consequently secured 
a height of port or battery nearly 18 inches greater than La Gloire’s 
—an advantage which will prove valuable under all ordinary cir- 
cumstances, and incaleulably beneficial in rough weather. 

The wholeof the new iron-cased ships, including the five plated 
timber ships and the six 400-feet iron ships, will, there is every 
reason to believe, match La Gloire in speed, supposing the engines 
put in them to be of the respective powers already mentioned—a 
condition which it is necessary to state, since there is, I regret to 
say, a probability of smaller engines being placed in some of them. 
But not one of all these new ships, the  Jehilles only excepted, 
will have a speed equal to the Warrior's. Perhaps we goght not 
to complain if our Heete are as fast as the French; but I, for one, 
certainly do regret that there should be any falling off in this prime 
quality of our iron-cased vessels. Iron and coa: will give us fast 
vessels, and we have these in abundance. The truly admirable 
engines which Messrs. Penn have placed in the Warrior show 
that we can command any amount of engine-power that we re- 
quire, without incurring risk of any kind; and it would indeed he 
a blind policy to deprive ourselves of that speed which is pro- 
nounced invaluable by every naval officer and man of science who 
writes or speaks upon this subject. 

Ihave thus far said nothing concerning the armaments of the 
new classes of vessels which I have been describing, because no- 
thing has yet been finally decided reapecting them. Nor would 
it be wise to decide this matter in the present state of our artillery, 
until to do so becomes absolutely necessary. We are, it is said, 
producing 100-pounder, and even larger, Armstrong guns with 

t success now, and may therefore hope for supplies of ordnance 
of at least that class for these vessels; but the modifications and 
improvements which even Sir William Armstrong himself has 
introduced since he became our engineer-in-chief for rifled ord- 
nance have been so great that we have lost all confidence in the 
continuance of existing systems, and hold ourselves prepared 
daily for further changes. Before these new ships are fit to re- 
ceive their armaments, or even before they have so far progressed 
as to make it necessary to fix the positions and dimensions of their 
porta, we may be put in possession of a far more effective naval 
gun than we cau yet manufacture; and the best gun, wherever it 
may come from, must unquestionably be adopted for them. Who- 
ever may produce it, we shall have, let us hope, the great benefit 
of Sir William Armstroug's splendid mechanical genius, and large 
exp-rience, in manufacturing it in quantity at Woolwich. This 
is an advantage which should not be thought lightly of; for, what- 
ever other views some may eutertain, either through jealousy, or 
rivalry, or conscientious conviction, we must all agree in believing 
ita grent piece of good fortune to have one of our very ablest 
mechanicians placed at the head of this great mechanical depart- 
ment. 

I am able, however, to afford some information respecting the 
number of guns which the various classes of our new ships will 
be able to carry, and probably will carry. Of the Defence, Re- 
sistance, Hector, and Valiant I shall say nothing, because they 
cannot be considered fit for the line-of-battle, or suitable for any 
other service than coast defence. Nor need I say more of the 
Achilles than that she will in all probability be armed with such 
ordnance as may be found to answer best in the Warrior and 
Black Prince. e come, then, to the plated timber ships; aud 
these I may usefully compare with the model French vessel. We 
know that La Gloire, which is 252 ft. 6 in. long, has an armament 
of 34 guns upon her main deck, and two heavy shell-guns besides 
—36 guns in all. Now our ships are to be more than 20 feet 
longer than her, and will therefore take two additional guns on 
either side; so that they will carry not less than 40 guns, if the 
ports are placed as close together as in La Gloire. 1 need claim 
no greater advantage for them in respect of their armaments; but 
they are manifestly entitled to this, Asa matter of fact, how- 
ever, they will pels have a much more powerful armament. 
It is proposed, 1 believe, to arm them with about as many guns 
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as La Gloire on the main deck, all 100-pounder Armstrongs, and 
16 or 18 other guns, principally Armstrongs, on the upper deck, 
making about 50 guns in all. Ifthis intention be carried out, 
they will manifestly be much more powerful vessels than the 
original French ship. The newest and largest vessels, those of 


400 feet in length, will each carry at least 40 Armstrong 100- ' 


pounders on the main deck, which will be cased with armour, as 
before stated, from end to end. In addition to these they will 
doubtless have powerful ordnauce on their upper decks, for use 
under favourable circumstances. But all these arrangements are, 
I repeat, liable to change.* 

Unfortunately, Iam unable to compare the power of these ves- 
sels with that of the largest of the French iron-cased ships, owing 
to the absence of all detailed information concerning them. I trust, 
however, that the admiralty are in possession of the necessary 
particulars, so that the delay which has taken place may be turned 
to the best possible account by securing superiority for our fleet. 
If this be so, then we shall, after all, profit by the apparent slug- 
gishness of our naval authorities. In fact, if England had France 
only to consider, and if the government of England were em- 
bodied in a single sagacious ruler as absolutely as is that of France, 
ao that we could insure prompt action in an emergency, the very 
best course for us to pursue in this great naval competition would 
be to leave the lead in the hands of the French Emperor, taking 
care to adda ship to our navy for every one added to his, and to 
make ours much more powerful than his. In the event of a war, 
our manufacturing resources would be abundantly sufficient to 
secure for us a further and almost instant preponderance. The 
game which we should thus play would be both political and eco- 
nomical, But with other naval nations to compete with, and 
with the inertia which inevitably, and often happilv, attends a 
constitutional and parliamentary system of government, we can- 
not afford to play games of skill with omnipotent emperors, but 
are bouud to be ever ready to assert our pre-eminence. 

I have a little information concerniug the Solferino and her 
sister French ships, which it may be useful to give you. Her 
length is 282 feet, breadth 54 feet, mean draught of water 26 feet, 
displacement 6820 tons, thickness of armour plating 4} inches, 
nominal horse-power of engines 1000. Her plating extends from 
stem to stern over the lower guu-deck, and rises up amidships 
sufliciently high to cover two decks. She is furnished with an 
angular projection or prow below the water, for forcing in the 
side of an enemy, when employed as a ram. regret my inability 
to add materially to these detailsof the largest French ships. 

Let me now consider briefly the pecuniary phase of this iron- 
cased ship question. We may fairly assume that the average cost 
of such vessels will not be less than £50 per ton, and that their 
engines will cost at least £60 per horse-power. Supposing these 
figures to be correct, then the hulls of the eighteen ships which 
we have been considering will cost £4,681,600, and their engines 
£1,143,00U—together nearly six millions pounds sterling. When 
masted, rigged, armed, and fully equipped for sea, they will, of 
course, represent a much larger sum—probably nearly eight mil- 
lions, These estimates will afford some faint conception of the 
nature of that “ reconstruction" of the navy upon which we may 
now be said to have fairly entered, in so far as the ships them- 
selves are considered. 

But I must not conceal the fact that the introduction of these 
enormous iron-cased ships has entailed upon us the construction 
of other colossal and most costly works. We have now to pro- 
vide immense docks for their reception; for we at present possess 
none suitable to receive them. Nor must these docks be of large 
proportions only; for in order to sustain ships burdened with thou- 
sands of tons of armour, they must be furnished with more sub- 
stantial foundations and walls than any hitherto constructed, and 
be built of the best materials and with the soundest and firmest 
workmanship. 

Many considerations combine to exalt the importance of this 
part of my subject. In the first place, the tendency which iron 
ships have to get foul below water will render it necessary to dock 
our new ships frequently under ordinary circumstances, and whe- 
ther we go to war or not. Jn the second place, for aught we yet 
know, these ships may be found to give signs of local weakness 
as soon aa they are taken on an ocean cruise, and to require such 
repairs and strengthenings as can only be performed in dock. 
Again, being steamships, they will be continually liable to acci- 
dents in connection with the engines or the propelling apparatns; 


* Since this paper was read, the issue of 100-pounder Armstrongs has been sus- 
pended.—E. J. R. 
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and with many such accidents docking will become indispensable. 


‘And so I might proceed to multiply examples of this kind. But 


there is one consideration which is paramount, and which may 
therefore be stated at once: we dare not send these ships against 
a French fleet unless we have docks for them to run to in the 
event of a disaster. We know not what may happen to these 
altogether novel structures, until they have been exposed to suc- 
ceasive broadsides from a heavy naval battery; and it would be 
madness to send them out to encounter a powerful fleet of vessels 
as dii as themselves unless we are prepared to open docks to 
receive them in case of necessity. 

I have said that we are at present without dock accommodation 
for these ships; and it may be desirable to illustrate the correctness 
of this statement in detail. What we require for them in each 
case is, first, deep water up to the entrance of the dock; secondly, 
a depth of not less than 27 or 28 feet of water over the sill of the 
dock; and thirdly, a length on the floor of the dock of 400 feet. 
Now, these three conditions are not combined, I believe, in any 
dock in Great Britain—certainly not in any of Her Majesty's dock- 
yards. At Portsmouth we have just completed a pair of docks 
which cau be thrown into one, 612 feet long. But over the bar 
of Portsmouth harbour there is a depth of 17 feet only at low 
water, 27 feet at high-water neups, and 30 at high-water springs. 
Consequently, these large iron-cased ships, if they went to Ports- 
mouth in a dangerous state, orin hot hasteto get to seaagain, would 
nevertheless have to wait for the very top of the tide before they 
could get either in or out. But even if there were no bar, the 
Portsmonth dock would still be unavailable in such an emer- 
gency; for the depth of water over the sill of one portion of it is 
but 25 feet at high-water springs. It is into this dock that the 
Warrior is shortly to be taken for the purpose of having her 
launching cleats removed, and her bottom cleaned. As she can 
at present afford to wait upon the tide without inconvenience, 
there will be no difficulty in this case. But in war time it would 
never do to keep such an important member of your squadron 
fretting for the tide at Spithead, or to have to lighten her before 
she could cross the dock's sill. At Devonport, again, tlie longest 
dock is only 299 feet long over all; but Iam happy to state that 
one is in progress of construction 437 feet long, 73 broad, and 32 
deep at the sill. At Keyham, the longest dock (the South), 
which is 356 feet in length, has but 23 feet depth at the sill, while 
the North, which has 27 feet, is but 308 feet long. At Pembroke 
there is a dock 404 feet, bnt it has a sill of 24 feet 6 inches only. 
The longest dock at Sheerness is 280 feet;at Woolwich, 290; ard 
at Chatham, 387, but the last has but 23 feet 6 inches at the sill. 
At Deptford there are but two docks, opening into oue, and they 
are very shallow. There are a few large private docks in the 
country which come very near to our requirements, There is the 
Canada Dock at Liverpool, for example, 501 feet long, 100 broad, 
and with 25 feet 9 inches over tbe sill. There are also No 1 
Dock at Southampton, and the Millbay Dock near Plymouth, of 
which the former is 400 feet long with 25 feet over the sill, and 
the latter 367, with 27 feet 6 inches over sill. But none of these 
answer all our requirements, nor could we avail ourselves of more 
than one or two of them in time of war if they did. 

If we turn to the French coast, we shall find that in this 
matter also we are far behind our neighbours. At Cherburg 
there are two docks 490 feet long aud 80 broad; two 330 by 70; 
two 350 by 65; and two smaller oues besides, At Brest, again, 
there is building a double dock 720 feet by 90; and there are also 
two 492 feet by 60, and two smaller. At L'Orient there is one 
350 feet long, and another (building) 507 feet. At Toulon there 
are two in progress, one 409 feet loug, and the other 588, beside 
several smaller docks which have existed for some time. Icannot 
give the depth of the aills of auy of these French docks, for I 
have been unable to obtain that element in any siugle case even, 
and I am assured no account of it is anywhere recorded in this 
country. But there is no good reason to doubt that a proper 
depth has been given in most instances. 

ou will now be able to comprehend the advantage which 
France has secured in this matter of dock accommodation for her 
iron-cased fleets, and will readily discern that danger to which we 
should be exposed in the event of an early war with that country. 
A single action might so seriously cripple both fleets as to render. 
large repairs necessary; but France alone would be capable of 
renewing her strength,—it would be our lot to lie crippled in our 
harbours, while she captured our commercial vesselaand menaced 
our coasts. 

Iam perfectly well aware that a large increase of dock accom- 
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modation is to be supplied at Chatham forthwith. But our Chan- 
nel and Mediterranean fleets must not depend upon docks at 
Chatham, which cannot be reached from the south until a long 
passage has been made, the Nore sands threaded, and an intri- 
cate and shallow river navigated. We must give to our ships the 


advantage which Cherburg secures for the French, and which: 


they propose to augment by establishing at Lezardrieux* an 
immense steam arsenal, protected by an impregnable series of 
defences. 

It will now be seen that, in order to place ourselves upon an 
equality with the French navy, no less than to meet the certain 
emergencies which must arise with our reconstructed fleet, we 
ought without delay to fonnd a colossal dock establishment on 
some favourable point of our southern shores, furnished with the 
means of carrying on extensive repairs in time of war. The moat 
suitable of all positions is probably that of lite in im Water, 
the shore of which, at the entrance to the river Hamble, presente 
conditions and circumstances which finely qualify it for the pur 
pose. If we are wise enough to build a set of suitable docks 
there before the time of war arrives, we shall have the satisfaction 
of knowing that the largest iron-cased ships now in contempla- 
tion will be able to run in and be docked with all their atores on 
board, and everything standing. And nothing less than this 
should satisfy us. 


—— 259 ———— 


INSTITUTION OF ENGINEERS IN SCOTLAND. 


Tue first meeting of the session 1861-2 of the above society was 
held November 13, 1861; the president, Ww. JonxsToNE, Esq. 
delivering the introductory address on the occasion, aa follows:— 


In appearing before you, I think it right to tender you my best 
thanks for the honourable position you have placed me in, by elect- 
ing me president of this rising and, what I trust it will yet be, great 
and useful institution; and while I do so, I cannot but feel that 
the important duties attaching to the office would have been 
more efficiently discharged by some other of its members, 
although by none who haa more at heart the interest of the insti- 
tution. I crave, therefore, your indulgence for any deficiencies 
and shortcomings. 

I have not the same cause as my worthy friend who preceded 
me to regret, as he did at the opening of his last address, that 
few papers had been read and discussed before the institution; as 
during last session there was not only & good number of them, 
but they were all of a highly interesting character, and at once 
calculated to advance science and throw much light on the various 
subjects treated. 

Itmust indeed be generally admitted that the volume of our 
transactions for last session, just issued to the members, exhibits 
1 decided advance upon the previous reports of our earlier pro- 
ceedings; and this whether we consider the amount of matter, 
the importance of the subjects discussed, the value of the informa- 
tion elicited, or the increased willingness of oar members to take 
part in the discussions. As showing the great interest taken in 
the subjects brought before us last session, I may remind you 
that the discussion of some of them was renewed on several 
different evenings. 

The important subject of air engines was introduced at the 
first meeting by our late president; who exhibited in actual 
operation a small ae of this kind made by Ericsson, and 
brought over from New York. The chief merit of this little 
engine appeared to be its convenience in application where a very 
small power was required; but it did not seem to be economical 
in the use of fael, The subject was resumed atthe third meetin 
by Mr. P. Stirling, who gave us a description of, and the Mgr 
results obtained by, the earliest air engine ever in operation for 
any length of time, and which was erected by Mr. James Stirling 
at Dundee in 1849—the economy in fuel of which has hardly 
been surpassed during the interval since that date. It is true 
the particulars given in the paper had been furnished to the 
Institution of Civil Engineers some years ago; but the council, in 
requstiog Mr. Stirling ro read it, believed that the time had 

arrived when it was desirable to re-open the discussion of the 
subject, which could not be done better than by the paper in 
eee The extremely interesting discussion which followed 
y justified this step. Stirling and Ericason’s engines were 
compared, and the important differences in their modes of action 


* Beo an admirable article in Capt. Beocher’s ‘ Nautical Magasine’ for July 1861, 
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considered, and the advantages of the former pointed out. It 
appeared that Stirling’s could be made to work satisfactorily up 
to fifteen or twenty horses power; but that for larger powers 
great difficulty was experienced in getting heaters to stand. The 
subject was again brought up at the last meeting of the session by 
Mr. Lawrie's elaborate theoretical paper on the operation of air 
engines; and in the discussion which followed a prominent part 
was taken by Prof. Rankine and Mr. Brownlee, who contributed 
valuable materials towards the elucidation of the subject. It is 
not however by any means exhausted, and there is reason to 
expect that we shall have additional papers during the present 
session. In some respects, if theoretical promises are realised, 
the air engine should apparently possess advantages superior to 
those of the steam engine; and the prosecution of the subject 
should not be relinquished until practical difficulties are over- 
come, or the supposed advantages proved to be imaginary. 

At our second meeting we useful papers read by Prof. 
Rankine on engineering field-work, and by Mr. Froude on the 
junction and laying out of railway curves—another branch of the 
same subject. The former supplied rules for ranging and 
measuring the inaccessible parts of straight or curved lines; 
whilst the latter entered with extreme minuteness into the im- 
ferent questions of the cant that should be given to the outside 

eg of the curve, and the best modes of uniting two unequal or 
contrary curves, or a curve with a straight line. The discussion 
of the subject was again taken up at the fourth meeting, when 
additional matter was furnished by Mr. Froude, and the particu- 
lars of a case of sharp reversal of curvature on the South Devon 
Railway were given by Mr. Bell—showing that a careful and 
pains-taking correction of the line by those in charge, in accord- 
ance with the indications of defects produeed by passing trains, 
had gradually brought it to closely approximate to Mr. Froude's 
curve. A small portion only of our members took an interest in 
the subject of this paper. In an institution, however, like our 
own, designed to comprise and bring together all classes of 
engineers, something of that kind must occasionally happen; but 
it should be remembered that the interest of our transactions is 
considerably enhanced by the variety in the topics of the papers 
they contain; and each of us should bear in mind when listening 
toa paper of little interest to himself, that other papers of more 
interest to him may have been of considerably less to other mem- 
bers. It is due, however, to Mr. Froude to award him special 
praise for the very interesting manner in which he treated the 
subject, and for the very great care and labour bestowed by him 
in order to render it as complete as possible. It is a paper which 
well deserves to be referred toas an example by future contributors 
to our proceedin In it and the discussion which followed 
thereou will be found sufficient data to guide and educate the 
young engineer in this important branch of civil engineering; 
and there is no other branch that I consider more necessary 
for an engineer to make himself thoroughly master of than this. 
It will have the effect of economising time in the laying out of 
a railway, and capital in its construction; while it will insure 
mathematical accuracy in the laying down of the permanent 
way and works, as well as their maintenance on correct 
principles. 

At our fourth meeting we had two papers from Mr. Simpson, 
one describing an improved pump, which was illustrated by a 
working odil, The institution will, I am sure, be glad to receive 
from Mr. Simpson an acccount of the practical application of this 
pump to mines; its trial on a large scale having been recommended 
when the paper was read. 

Mr. Simpson’s second paper was on the ventilation of mines. 
It described a very ingenious apparatus for indicating the 
dangerous presence of explosive gas; and with respect to it 
the institution also hope to receive an account of practical 
experiments which were to be undertaken to test the range 
and accuracy of the indications. If these experiments are 
satisfactory, the instrument will be a most valuable protection 
for the miner. ; 

We had during the session another paper relating to mines, by 
Mr. James Ferguson. It treated principally of underground 
mineral transit. It was highly interesting, and will prove to be 
a valuable paper for reference, on account of its numerous and 
carefully narrated statistics, and its elaborate comparisons of 
the different modes of underground conveyance hitherto and at 
present in use. 

The subject which last session elicited the keenest discussion 
was that of the surface condenser, introduced at the fifth meeting 
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hy Mr. Davison's paper, and resumed at the sixth and eighth meet- 
ings. It has been remarked that in this discussion there was a 
little too much irrelevant contention between the advocates of 
rival plans; but it must not be forgotten that, without this 
element of rivalry, those taking part in the discussion would not 
have felt themselves impelled, as they were, to supply us with 
the large amount of information, the numerous facts and practical 
results, and the various considerations both in favourof and 
against each plan, which were actually elicited; and all of which 
should be known and considered by every one desirous of select- 
ing the best condenser. It is in laboriously endeavouring to 
devise a condenser (or other useful machine) that shall surpass all 
others, and thus confer a benefit on the community, that an 
individual becomes the interested advocate of a particular kind. 
It is natural to suppose that such a person has studied the sub- 
ject more than one not specially interested in it, and in conse- 
quence of such study he should be more able to supply correct 
information and advice upon it. It is always the best information 
and advice on any subject brought üp which the institution is 
desirous of eliciting and placing on record; and if we except 
purely theoretical subjects, it is from interested advocates of 
particular views and plans that we should expect to get it. The 
reading of papers before institutions like this, even though it be 
by interested advocates of the plans such papers describe, cannot 
in any sense be likened to ordinary advertising. In the latter, 
everything that can be said in praise is fully written up, and 
much there are no grounds for; whilst all particulars on which 
the readers can exercise their own judgment are studiously 
omitted. In the former the author challenges the criticism of 
his hearers, exposes his plans to comparison with any others that 
may be brought forward, and submits his advocacy to searching 
examination. His paper is thoroughly discussed, and, as the result 
of discussion, his views may be confirmed and advanced, or, it 
may be, discouraged and negatived. He risks this from a bond 
fide belief in the merita of his plans; but whatever the result, the 
institution will have elicited the best information on the subject 
that is obtainable from its members. 

At the fifth meeting our attention was also directed to the sub- 
dest of gas engineering by Mr. David Laidlaw. It was not Mr. 

idlaw’s design to introduce to our notice any special novelties, 
nor to enter into any very abstruse questions; but he gave us, in 
an interesting and concise manner, a brief retrospect of past 
doings, and a general view of modern practice, in that important 
department of engineering. Mr. Bartholomew ‘contributed 
considerably to the interest taken in the subject, by presenting 
us with drawings and description of the large gasholder and tank 
recently sadid. from his designs by the Glasgow City and 
Suburban Gas Company. 

At our ninth meeting we had Mr. Milne's most valuable paper 
describing the removal of the juuction lock at Grangemouth, and 
its replacement by an enlarged lock, forming au imporant addition 
to his contribution of the previous session, which also related toim- 
provementa in the canal works at Grangemouth. These papers are 
of a class that, I think, the institution ought to be desirous of 
encouraging, on account of the value they impart to the transac- 
tions, from their importance as articles of reference. The simple 
and concise phraseology, and the quantity aud minuteness of 
details, both in the description and drawings—upon which the 
p value of such papers mainly depends—entitles them to 

taken as standard examples for future authors of similar ones; 
but they have algo the advantage of describing engiveering expe- 
dients, remarkable not only from the nature of the difficulties to 
be overcome and from their novelty, but also from the ingenuity 
displayed in devising them, the skill shown in carrying them out, 
aud, above all, from their small cost compared with the practical 
advantages derived from thein. 

We had, finally, Mr. Simpson’s paper on canal locks, which was 
illustrated by a working model. Mr. Simpson remarked on the 
great waste of water involved in the ordinary lock system, and 
proposed as a substitute a very ingenious plan, exceedingly sim- 
ple in its action, and which promised to be considerably less 
costly in construction, working, and maintenance, than mechanical 
lifts, such as that at Blackhill on the Monkland canal; whilst the 
expenditure of water would be reduced to a minimum, and in 
sowe cases altogether obviated. It appears to me this plan merits 
careful consideration. 

Having gone over the various papers brought before the 
institution during the last session, T chal only shortly refer to 
some of those subjects which I think ought to continue to engage 
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the attention of the members of the Institution, and to obtain 
from them valuable papers thereon. 

The subject of mining is one of great importance, and there is 
none more deserving the attention of the engineer, with the view 
towards an improvement in the mode of conducting underground 
operations—tending not only to improve the condition of the 
miner in every respect, but economising tothe proprietor the cost 
of productiou. The produce of our mines, whether considered as 
the great element of industry, or as the mighty agent used for the 
production of mechanical power alone, is well deserving of the 
consideration of the members of this institution. Before thedays 
of Watt and the steam engine, the mining of this country was 
meagre and insignificant compared to the important position it 
has since acquired. The steam engine, which gave the miner 
facility for draining the seams of coal and ironstone, also enabled 
him to make deeper shafts, obtain larger outputs, and carry them 
to Tue never dreamt of until the days of the steam engine 
and rail. 

The field of labour under this head is wide, aud always 
attractive to the mechanical engineer. It is doubtful if the 
genius of Watt, when he first took up the steam engine, could have 
‘ound more congenial employment than in scheming and arrang- 
ing its details to win and unwater the vast fields of coal which lay 
deep and inaccessible throughout the country. It is well known 
that the extensive fields of the north of England gave rise to the 
first practical development of the idea of locomotives and rails. 

From reliable sources we learn that the annual produce of coal 
throughout Great Britain has now reached the enormous output 
of 80,000,000 tons. It would be difficult to arrive, even approxi- 
mately, at the power of the machinery employed to lift this pon- 
derous weight tothe surface, scattered as it is throughout all parts 
of the country. It is calculated, however, to be not more than a 
fourth of the total power required to raise it and the drainage; or, 
in other words, for every ton of coal lifted there are three tons of 
water. It has been estimated that nearly one-sixth of the total 
annual produce of our coal mines is aed for the production of 
mechanical power alone, from which a power equal to 66,000,000 
able-bodied men is obtained; and, upon the same calculation, the 
total annual production of the United Kingdom is equal to the 
strength of 400,000,000 men, or more than double the number of 
adult males now upon the globe. The mechanical appliances 
employed underground are daily increasing; and the engineer who 
could contrive and arrange a locomotive to suit the peculiarities 
of underground haulage, would receive and well deserve the 
lasting gratitude of the coal owners of this country. Though 
various schemes have been tried to introduce machinery to work 
coal, I am not aware that any of them have been found effective 
or peur useful. However, the many ingenious contrivances 
to be found in our workshops and engineering establishments for 
reducing manual labour, would induce the general observer to 
anticipate that even in coal-hewing the time may not be far dis- 
tant when some mechanical arrangement will be introduced to 
aid and economise the labour. Though no very alarming question 
has yet been put regarding the duration of our coal-fields, it is 
well known that more attention has of late been paid to the 
economising of them. Modified and improved systems of mining 
are being gradually introduced; and these improvements, while 
they reward the enterprising, keep this country ahead of other 
countries, from the aid and impetus which a cheap supply of fuel 
gives to the manufacturer. 

Situated as we are in the centre of a rich and extensive 
mineral field, enjoying the advantages of cheap coal and iron, we 
cannot forget that the hands who produce so much of thia 
country's wealth are subject to many painful casualties; for we 
have the means of knowing that throughout the mines of the 
United Kingdom upwards of a thousand persons, from various 
causes, are sacrificed annually. In this immediate neighbourhood 
we have been lately startled by one or more of these disastrous 
occurrences; and while those best informed on these matters seem 
not to calculate upon more than an amelioration of such calamities, 
yet it is clearly the province of this institution to foster and 
encourage every aim having for its object the safety and improve- 
ment of this useful and invaluable class of men. 

During these days of general progression, the locomotive engine 
has not been stagnant, but has been beeoming dually mora 
matured, and its powers more fully developed. Prem the gfeat 
advantages derived from machinery in its construction, and f*om 
the superior description of materials now used, engines are manu- 
factured with a precision approaching perfection, thereby largely 
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diminishing the oost of construction, and greatly increasing their 
powers of endurance. As an instance, I may mention the pretty 
general introduction of cast-ateel tires, which from their superior 
quality and hardness will last twice as long as the best Yorkshire 
iron, and from their great toughness and strength will be much 
less liable to accident than those presently in use. I think before 
many years cast-steel will be universally adopted for the tires of 
both engine and carriage wheels. The chief objection to them at 
present is their cost—an obstacle which, I have no doubt, will be 
got over as the demand for them increases. 

Perhaps the greatest improvemente tbat have been made on 
locomotive engines of late, however, have been more immediately 
connected with the economy of their use. Since the introduction 
of coal as a substitute for coke, it is gratifying to know that the 
same work can now be done for one penny per mile which only 
very lately cost threepence; and, as au illustration of this, I may 
mention that some passenger trains, baving a gross weight of 
from tifty to sixty tons, are now propelled at a speed of forty miles 
an hour, at a cost of a fraction over a farthing per mile for fuel. 
Not long ago, eightpence to tenpence per train mile was con- 
sidered no extravagant sum to pay for locomotive power; the same 
work is now done for something less than sixpence. This result 
has, no doubt, been brought about by the attention that has been 
pad to the construction and working of the locomotive engine. 

o doubt much remains yet to be done by skilful and enterprising 
mechanics; but, I must say, it seems at present difficult to point 
out by what means much greater economy, in fuel atleast, can be 
obtained. 

Giffard’s feed injector appears to me destined to play an im- 
portant part in locomotive economy. From its perfect simplicity 
in construction, being entirely without parts in motion, there is 
a complete exemptien from the wear and tear consequent on tlie 
use of pumps, with their various valves, plungers, and conducting 
pipes. Unlike the ordinary pump, it is entirely free from liability 
to damage by frost in severe weather; while the engineman can 
feed his boiler when the engine is at rest, in a siding or other 
situation where he could not pump water by the old arrangement 
—and so getting rid of donkey engines and pumps, and their 
Mtendant tearand wear. The ease with which it can be applied 
to any position that may be wanted, and the readiness with which 
the method of working it can be picked up by any ordinary fire- 
man in a few minutes, insures its almost universal adoption at no 
distant date. I am aware of instances where locomotive engines 
employed in all descriptions of traffic for months past, having no 
other means of supplying their boilers with water; and in no 
instance has there been the slightest detention to the trains or 
want of action on the part of the injectors, and the engine-drivers 
have the fullest confidence in them. I believe the only conditions 
to be carefully attended to with them is the using of pure water, 
and the maintaining of the water to be injected under a tempera- 
ture of 130°, as above that heat the water does not seem to be 
capable of condensing quickly enough the steam which is used to 
force the water into tbe boiler. lt seems to be equally manage- 
able at all pressures of steam; and one of its peculiarities is, that 
the higher the pressure of the steam, and consequent resistance of 
the water in the boiler, the greater is the quantity of water it will 
deliver in a given time. 

Allan's preasure gauge is another recent and very successful im- 
provement in the locomotive engine, the engine-driver being at 
all times able to assure himself that it is in accurate working 
order. This gauge indicates the pressure by the compression of a 
quantity of air, which can be measured and renewed at any time 
by the turning of a couple of cocks. I am glad to say that it is 

inning now to be pretty generally adopted. 

I have noticed what occurs to me to have been the most pro- 
minent improvements recently made on the locomotive engine; 
and, as regards the carrying stock of railways, it appears to me 
that the most important improvement is their increased capacity, 
whereby each curriage and waggon is made capable of carrying 
double the load of the old ones, and that without greatly increas- 
ing the weight of the vehicles, while only the same number of 
wheels and axles is employed; so that the tear and wear has not 
increased in the same ratio that it would have done had the same 
origiunl description of plant been perpetuated. Aud while these 
improvements have been made in the carrying stock, it is evident 
that the rame amount of tonnage can be shifted with a much less 
eris of locomotive power than formerly. 

, 1 may further call attention to the use of malleable-irou girders 
in the construction of railways and other works, and the adoption 
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of cast-iron cylinders for the under structure of bridges and 
viaducta, where such required to be carried over rivers and 
&treams of considerable depth. One of these has been con- 
structed by Messrs. Blyth, of Edinburgh, for carrying the Port- 
patrick railway over Loch Ken in Kircudbrightshire. It consists 
of three water arches, with land arches on each side. The two water 
pes are founded in very deep water, considerably above twenty 

eet. Thecylinders are somewhere about eight feet in diameter. 
After the cylinders were loaded and supk to their proper depth, 
and the stuff excavated from the interior, they were securely built 
inside with sclid ashlar freestone wrought to the circle of the 
cylinder. The top of the cylinders correspond nearly with the 
ordinary level of the loch, upon which ashler piers are raised to 
the level of the lattice girders for carrying the permanent way. 
It is altogether a very neat and substantial strncture, and reflects 
great credit upon the desiguers. I have procured photographic 
views of it, which are now laid on the table for the members’ use. 
The great advantage such a work has over the old plan of building 
viaducts in such a situation, is the facility afforded in obtaining 
a foundation for the piers, without resorting to the expensive, 
tedious, and uncertain process of ooffer-dams. This plan is also 
being adopted for carrying the Charing Cross railway from the 
Hungerford market across the Thames to the Surrey side, on the 
site of the present suspension bridge. 


—— —— 


INSTITUTION OF CIVIL ENGINEERS. 
G. P. Birr, Esq., President, in the chair. 

Nov. 19, 1861.— The whole of the evening was occupied by the Discus- 
sion upon Mr. LoNGRIDGE's paper on “ The Hooghly and the Mutla.” 

It was remarked that owing to the increased trade of Calcutta, and 
the insufficient accommodation for shipping in the river Hooghly, as well 
as of warehouse room on the bank, an inquiry had been instituted as to 
whether any of the channelein the Sunderbunds could be rendered available 
for the relief of that port. The Mutla bad been found to answer the re- 
quirements, as it possessed a safe and convenient navigation, with a tract 
of land suitable for warehouses and offices on its banks, within a moderate 
distance of Calcutta. The chief objection to the new settlement had 
hitherto been the unhealthiness of the site; but its salubrity would im. 

ve year by year, as embankments were being made to keep out the 
flood of high tides, the land was being drained, roads formed, and tanks or 
reservoirs excavated to hold and ensure a good supply of pure fresh water. 
‘There were numerous applicante for the land, which was sold in allot- 
ments on building lease, and there was every prospect of the new port 
affording a useful and necessary adjunct to Calcutta. 

With a view of ascertaining what peculiar causes were in operation to 
make the channel of the Mutla so much deeper and more regular than 
that of the Hooghly, a chart of the upper part of the Bay of Bengal had 
been contoured. It was thus found, that there was a deep water channel 
in the centre of the gulf, some portions of which had not sounded at 
300 fathoms; that the water shoaled from 100 fathoms at 20 miles from 
the coast to 5 fathoms st 5 miles; and that the channels passing up the 
creeks were nearly at right angles to the line of from 30 to 50 fathoms of 
water. Also, that the entrauce to the Mutla was the nearest to the deep 
water; hence, there was a greater freedom of current, and the flood was 
carried more quickly up to the head than in the others, causing its channel 
to be superior to that of the Hooghly. 

The moat violent winds in the Bay of Bengal were from the south-west, 
and if accompanied with a spring tide, the littoral of Hindostan must be 
swept from its southern part to the mouth of the Hooghly, which lay open 
to receive it, and meeting with extensive shoals the force of the flood was 
checked, until it had attained some height, when it was hurried forward 
up the estuary of that river, and formed a dangerous ‘‘ bore.” Such 
could not be the case in the Mutla, from ite deep water channel being at 
right angles to the course of the flood, and immediately connected with 
the deep water in the centre of the bay. On the other hand, with north- 
east winds, the deep water of the centre of the bay and the whole length 
of the gulf was forced seawards, and must be the cause of littoral counter 
currents running northwards, carrying with them the detritus to the head 
of the bay on both sides. Hence there was a preponderating power in 
the tidal cnrrents, as well as the detritus brought down the rivers to find 
a resting-place there. 

In regard to the amount of solid matter contained in the waters of the 
Hooghly, it was stated, that although Major Rennell had in his * Memoir 
of Hindostan' estimated the water of the Ganges to consist of one-fourth 
part mud, yet in other writings he had given it as only the 94,th part. 
This d more nearly with Mr. Piddingtou's experimente, which 
showed the quantity to be the gigth part, and with the Rev, Mr. Everest's, 
who made it the gi,th part, both during the rainy season. The Nile 
contained +4, of its bulk in mud, aud the Humber 445, of which latter, 
sand formed about 75 per cent. But even allowing that 75,000,000 
Cubic yards of solid earth were deposited yearly in the Hooghly and ita 
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estuary, this would only give 14 inch in depth over an area of 600 
square miles, included within the 3-fathom contour; and if the area was 
extended to the 5-fathom contour, and embraced also the inlet of the 
Hooghly, then the area would contain 1200 square miles, and the deposit 
would only amount to j-inch in depth. 

A belief existed that a great deal had been done by the former govern- 
ment of India to facilitate a boat passage from Calcutta through the 
Sunderbunds, But by a return to parliament, this amount ap not 
to exoeed £37,000; and the chief improvementa in the canals in the im- 
mediate vicinity of Calcutta had been in throwing bridges ‘across the 
streams, andin making roadson the banks. Scarcely any outlay had been 
incurred in straighteni e water courses, or in deepening them, either 
by manual labour or by dredging. It was thought that one of the three 
Nuddea rivers, which were now only navigable during the months of 
July, August and September, should have been rendered fit for naviga- 
tion throughout the year, not only for the native boats, but for the light- 
draught steamers trading on the Ganges. According to a parliamentary 
return, the average cost per annum, extending over ten years, of main- 
taining these rivers, including salaries and the whole establishment, was 
£3248; whilst the average tolls, after deducting the expense of collection, 
amounted to £14,486 per annum. There must therefore be a consier- 
able balance in hand, which might well be laid out in straightening the 
best of these channels, deepeniug ite bed and raising ita banks, with other 
engineering works, 80 as to maintain a sufficient depth of water for the 
purposes of navigation. 

Turning now to the Sunderbund district itself, it would be found that 
it comprised an area of 4500 square miles of low lands inundated during 
the rainy season by the overflowing of the numerous rivers and water 
coutses, producing a rank vegetation, and over most of it a dense jungle, 
the hot-bed of fever, fatal to human life, and the miaama from which must, 
with certain winds, be carried to the cultivated districts, and even to 
Calcutta itself. If a proper system were adopted, of dividing this vast 
and at present useless territory, by a series of cute, surrounding the dis- 
tricte by embankments, and allowing the water when charged with sedi- 
menta to remain for a time withinfthem, and run off at low tide, these 
lands would rapidly be warped up, probably two or three feet in a season, 
and make an ample return of most valuable produce, as had been for 
many years past so successfully adopted in the Trent, the Ouse, and other 
rivers in connection with the Humber. 

It was believed that the flood and ebb tides both took the same course 
in the Mutla, whereas they entered and left by different channels in the 
Hooghly, and that this was sufficient to explain the difference in the 
depths of the channels. As to the utility of back water, it was argued 
that the Mutla navigation must have been maintained by back water 
through the same channel, and not by tidal scour alone; that it was made 
by the waters of the Ganges, and afterwards abandoned; and that so long 
as there was an abeence of any great quantity of mud, the channels must 
remain open. 

There were several other examples in India of harbours which were 
exceedingly good, where there was little or no fresh water, though 
originally made by the great waters from the land. The easterly and 
westerly branches of the Indus were at the present moment both tidal 
estuaries, and other places might be named. 

It was mentioned that Barrow Harbour, on the north side of More- 
cambe Bay, afforded another illustration of an unchanging channel kept 
open by tidal scour alone; but, on the other hand, it was thought that 
the freedom from deposit in this harbour was due to the stream which 
ran through it. The harbour at Portsmouth, and, in a lees degree, that 
at Ramsgate, were instances of harbours silting up for the want of fresh 
water scour, which it was contended, should always be sought for to keep 
a harbour clear. To this it was replied, that there were numerous 
inatances in which channels were kept open purely by tidal water—in fact 
such channels would always be maintained, if the water flowed through 
them with sufficient force to prevent deposit, whether the stream were con- 
tinuously in one direction, or whether it oscillated backwards and for- 
wards. In nature, every possible condition was of course to be found; in 
some cases the fresh water, and in others the tidal water greatly pre- 
ponderating, and their relative quantities ever varying. For instance, 
the rivers flowing into the Baltic and into the Gulf of Mexico, possessed 
an enormous proportion of fresh and very little tidal water, yet the chan- 
nels continued open. It was quite as erroneous to say, on the one hand, 
that fresh water was of no use, as, on the other hand, that a channel could 
not be kept open without fresh water. 

When Greet Britain was looking to India ae the future cotton field of 
Europe, and when endeavours were being made to open that country to 
commercial enterprise, the importance of a well-organised system of 
transit co-operation by railways, by water and by ferry-bridges, could 
hardly be over-estimated. As fifty millions sterling had been expended 
in trunk railways and canals, it would be n to improve and utilise 
to the utmost the river navigations, to act as feeders to those main lines, 
and to provide an additional number of river boate. Since any alteration 
in the channels of the rivers, and especially of the great Delta, would be 
costly, and the result very uncertain, it was contended that it would be 
preferable to construct vessels of suitable size and form for the navigation 
of shallow and tortuous rivers, amd that economy of transit, as well as 
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t of the vessels, waa, in such cases, mainly dependent on the 
efficiency of the steering and towing apparatus, 

It was observed, that no great faith could be placed in any scheme for 
the improvement of Indian rivers, inasmuch as for eight or nine months in 
the year the weather was perfectly dry, and for four months there was a 
tremendous rainfall, producing an immense flow of water, when the rivers 
assumed a character quite unprecedented in this country. 

With respect to the change of the seat of trade from Calcutta to the 
Mutla, there were as many difficulties in the way as if the attempt were 
made to transfer the trade of the Thames at London to the Medway. It 
was more a question of economy than anything else, for if millions of money 
had been sunk in the erection of warehouses and buildings for the pur 
poses of trade, that was an element quite as important as the question of 
the river itself. Looking to these facts, and to the delays and ooste of 
unloading a cargo twenty or thirty milea from the place to which it was 
consi , and conveying it that distance by railway, it waa thought that 
there was no prospect of the navigation of the Hooghly being changed for 
that of the Mutla. To this it was replied that the difference of expense 
between Mutla and Calcutta would be considerably in favour of the former 
pue It was thought that preference should be given to a river where 

ere was always 26 feet of water, to one which was beset with shoals; 
and to a river, the mouth of which was only 50 milcs fron the head of the 
navigation, available in one day’s steam, to one which required three 
day's steam, in a country where steam-power waa costly. It was not a 
question of superseding Calcutta as a port of commerce, but it was con- 
tended that Mutla would form a valuable auxiliary—like Birkenhead to 
Liverpool—and that by the route advocated the physical difficulties of the 
approach would be lessened, and the same point arrived at, only with 
diminished risk and greater economy. 

In closing the discussion, it was remarked that there was not sufficient 
information relative to the physical features and the conformation of these 
rivers, to enable a proper discussion to be raised on matters specially 
appertaining to this Institution. With regard to the commercial part of 
the subject it should be said, that there was always great difficulty in 
changing the locality of an important commercial business. No doubt 
there were large establishments at Calcutta, with all the accessories for 
the trans-shipment of goods. Granting that the Mutla had all the advan- 
tages ascribed to it, a long and severe struggle would be made on behalf 
of existing interests, though it should not be treated as a hopeless affair, 
especially as it had been stated, and not denied, that the Mutia presented 
an unchanging channel, accessible at all times. As Southampton had 
been cited, it might be eaid that, although the heavy merchandise trade 
had not been drawn there, yet that port was resorted to by the trade 
requiring quick transit—mails and pasengers. In like manner, probably, 
the first trade to frequent the Mutla would be the mail steamers, for 
which was the main object, and in the course of time it might 
receive a share of the heavy trade. 


Long Tube Barometer.—After the meeting, Mr. R. Howson exhibited 
in the library a Barometer, consisting of a long tube freely suspended 
open end downwards, a cistern which was of a tubular shape, and a ‘‘stalk.”” 
The stalk was a glass tube, sealed at both ends, attached firmly at its 
lower end to the bottom of the cistern, and rising axially up the tube until 
it nearly reached the surface of the mercurial column. The consequence 
of this arrangement was, that the top of the stalk came into a region of 
very low pressure, and there was an excess of pressure tending to force 
the cistern upwards. This excess was represented by the weight of the 
cistern (and stalk), and the contained mercury, so that under a given atmo- 
sphetic pressure, the cistern would always hang suspended at a given level. 
When the presssure of the atmosphere rose, a portion of mercury left the 
cistern and passed into the tube, and the cistern also rose, until the level 
was replaced by the immersion of the glass which formed the tube. When 
the pressure fell, the converse took place. An elongated scale was thus 
produced, the extent of range being dependent upon the relative areas of 
the tube, and of the glass which composed it. e action might also be 
simply viewed as that of a long piston, or plunger, with a liquid packing, 
having à vacuum on ita upper side, and a self-graduating weight attached 
to its lower side. 


J. R. McCiean, Esq., Vice-President, in the Chair. 


Nov. 26, 1861.— The paper read was ‘‘ On Measuring Distances by the 
Telescope.” By W. B. Baar, M. Inst. C.E. 

The author's attention was attracted to this subject by & paper by Mr. 
Bowman, read before the British Association in 1841; but it required 
further investigation and modification to bring it into a form of practical 
utility. He found that it was convenient to have two distance hairs on 
the diaphragm of the level, one about gf of an inch above the level hair, 
and the other as much below, so as to read 1 foot on the staff at 1 chain, 
and 10 feet at 10 chains. Since, however, in focussing the instrument to 
any object, it was necessary to bring the cross hairs into euch new focus, 
which was proportionally further from the object glass as the object was 
nearer, the angle which the hairs subtended from the centre of the object 

lass must be variable, diminishing as the distance was diminished. ` 
Hance & correction was necessary, and this the theory of refraction by | 
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lenses furnished. It showed that the error was constant at all distances, 
amounting in every case to the focal length of the object glass for parallel 
raya. This constant was to be added in reading the staff, by bringing 
the lower cross hair near any even division of feet, but exactly *02 of a 
foot above it, corresponding with the two links from the centre of the 
instrument to the anterior focus, in the cases of a 5-inch theodolite and 
10-inch level. Then, by reading the upper distance hair, and deducting 
the even number of feet at the lower hair, the difference was the distance 
in chains and links. If the compass was sufficiently delicate, any opera- 
tion of contouring, or running trial levels, could be performed with ra- 
pidity and aoc . When provided with the two distance hairs, the 

vel of the ground could be taken above and below the ordinary range 
of the instrument. The use of these distance hairs for eighteen years 
had proved their practical value. In taking the widths of rivers or deep 
ravinee, distances of 20 chains had been read in favourable weather; and 
when the hairs were accurately fixed on the diaphragm, they might be 
used even for fractions of a link, in taking widths incapable of direct 
measurement. 

When applied to a theodolite, they could be used for measuring dis- 
tances on sloping ground. But in that case, since the line of sight was 
no longer perpendicular to the staff, a correction was necessary, for which 
a table was given, showing the angles of elevation of the various M 
which were simple fractional of the horizontal distance. hen 
the horizontal distance to the staff had been ascertained, the theodolite 
was to be elevated to the tabular angle corresponding to the fractional 
riae nearest to the slope of the ground; then that fraction of the horizon- 
teal distance, less the reading on the staff, would be the correct rise. 
‘With the theodolite it was convenient to have another set of haira for 
reading the distance in feet as well as in links. In clear weather, with a 
distinct reading staff, a distance of 40 chains had been read between the 
foot and link hairs. 

In the course of the discussion it was remarked that the arrangement 
described by the author was of a much earlier date than had been men- 
tioned. Possibly its application might hitherto have been limited, from 
the want of a correction for the errors introduced in focussing the instru- 
ment, which had now been supplied. Reference was made to the mi- 
crometer arrangement of the diaphragm of Mr. Gravatt's original dumpy 
level. This system of measuring distances had lately been applied to 
rifle practice, and for mili purposes generally it was thought that a 
micrometer telescope could relied on for distances up to 12 or 15 
miles. It had also been employed for determining the speed of vessels at 
sea, when the exact length of the vessel was known, as well as for other 


purposes. 

It was observed that the great improver of instruments of this kind 
was M. Porro, an officer of engjneers in the service of Piedmont, a de- 
tailed account of whose *' Instrumenta pour les léves de plans” was given 
by M. H. de Senarmont in the Annales des Mines, 4th series, vol. xvi. 
(1849). None of the modifications in M. Porro's instruments had been 
introduced into this country, and yet with his micrometer scale of wires 
the staff could be read off in metres at once—and, it waa stated, at a 
distance of 800 metres the error did not exceed 2 centimetres. 


Dec. 3, 1861.— The paper read was *' On the Discharge from Under- 
drainage, and ita effect on the Arterial Channela and Outfalls of the 
Country. By J. Baruzy Denton, M. Inst. C.E. 


This paper contained deductions from a series of experiments made at 
Hinxworth, to ascertain the relative fall of rain on the surface, and the 
discharge of water from the under-drains. The experiments extended 
from lat October 1856, to 31st May 1857. They were made on fields 
containing about 100 acres, in equal proportions of the two descriptions 
of soil into which the agricultural land of Great Britain requiring drain- 
ing might be divided, viz.: The surcharged free or porous soils, and 
the absorbent retentive soils, though incorrectly called “impervious 
clays.” A description was then usually given of the lands experi- 
mented upon, as well as analyses of the soils. Also tables, 
which had been published in the ‘Journal of the Royal Agricultural 
Society,’ vol. xx. (1860), showing the daily rainfall, the discharge 
of water from the drains, the height of the barometer and thermometer, 
and the temperature of the soil at 18 and 42 inches respectively below 
the surface, 

The whole estate was drained by one connected system of works; but 
the mode of draining necessarily differed. Thus, the “ free soils” were 
drained by occasional and wide drains from 4 to 8 feet deep, at a cost 
ug from £1 10s. to £3 10s. per acre; while the “gault clay" was 
drained uniformly by a parallel arrangement of drains 25 to 27 feet 
apart, 4 feet deep, at a cost varying from £5 10s. to £6 10s, per acre, 
In the latter case, the number of drains was increased to a maximum, 
the object being not only to remove excess of wetness, but to promote 
tbe aération and disintegration of the soil. 
, It waa remarked that the average annual rainfall in the district waa 24 
inches, which had not been exceeded in the three years preceding the ex- 
periments. The test fall in twenty-four hours, dosing the eight 
months from October to May, was 0:542 of an inch, and the total fall 
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was 10:045 inches, while the average fall over the same period amounted 
to 18 inches. 

After some general remarks as to the time when under-drains com- 
menced discharging, and upon the condition of the free soils and of the 
clays at Hinxworth prior to under-draining, the author proceeded to con- 
sider the effect of that operation. On the “free soils,” and in fact on 
most of the mixed soils, it was observed that no water could run from the 
under drains until the water had been raised by descending rains to the 
level of the drains—which was not exactly the case with “clay soils"— 
and that aa the surface springs rose higher and higher before draining, so 
the lowest drains would begin to ran first, and as soon as the water bed 
of the whole area drained, forming an inclined plane, had risen by de- 
grees to the height of every drain, the whole system would be at work, 
and not till then. The quantity discharged by the drains did not repre- 
sent the whole of the infiltrated water, which included the water dis- 
charged by the drains; the water which gravitated to the outcrop springs; 
and the moisture which rose from the subsoil beneath the drains by at- 
traction into the soil above them, to be dispersed by evaporation at the 
surface. The quantity of water discharged by the surcharged “ free 
soils” was rather more than two-thirds of the rain which fell on the sur- 
face, the actual quantities being 168,550 and 227,220 gallons per acre, or 
7 and 10 inches respectively. This proportion had reference to the rain- 
fall of eight months only. If the discharge of the whole year were com- 
pared with the rainfall, it would be found to be lesa than one-third, 
arising from the fact that while the discharge of the remaining four 
months was very trifling, the rainfall was 11 inches, or 250,000 gallons 
per acre. If the mean discharge for twelvemonths of the free and 
mixed soils were taken together, it would be found to amount to one- 
fourth of the corresponding rainfall a proportion which would give 6 
inches in depth, or 135,732 gallons per acre as the mean quantity of 
water disc! from such soils to the outfalls from under-draining, a 
result not inconsistent with the experiments of Diclinson, Dalton, and 
Charnock. This quantity waa, for the most part, new water rescued from 
evaporation, and would, pro tanto, swell the ordinary flow of rivers. 

It was stated that, under ordinary meteorological and physical con- 
ditions, the under-drains of the free soils would begin to discharge in the 
montb of October, or the beginning of November, and those of the clay 
soils in the end of November, or the beginning of December. Thus, at 
Hinxworth, the drains from the clay soils did not commence to discharge 
at all till the end of November, by which time 8} inches of rain had 
fallen, or just sufficient to fill the inner pores of the soil though the 
water had not risen to the height of the drains. After ceasing for a time, 
they commenced continuous disc early in January, when the 
water in the soil had risen to the height of the drains. The tables showed 
that as the character of the subsoil became more open and mixed, sudden 
discharge was lessened. It was when, by repeated rains, the clays had 
had their peculiar property of retention fully satisfied, aud held within 
them as much in their drained condition as they were capable of holding, 
that they were in that state which fitted them to discharge the largest pro- 
portion of any subsequent rainfall in the shortest time. The tétal quan- 
tity of water discharged by clays annually was small com with that’ 
discharged by free soils. The Hinxworth experiments showed it to be 
only 59,931 gallons, or about 24 inches, per acre. If this quantity were. 
regular over the the discharging period, it would not materially affect 
the arterial system of the country. But asa large portion of the heavier 
rainfalls was immediately discharged when the soil wae saturated to the 
extent of its capability, and when the free soils would be discharging at 
least 1000 gallons per acre per diem, and the rivers might be pre-occupied 
by their present natural supply, and by the waters that passed off the 
surface without entering it, another feature of importance presented 
itself. 

The general resulta of under-drainage on the arterial water supply and 
outfalls seemed to the author to be—first, to render the surface more 
capable of absorbing the rain that fell upon it;—secondly, to lower the 
discharge of the upper surface springs in a slight degree;—-and thirdly, to 
withdraw from the power of evaporation allthe water which the under- 
drains discharged. 

Upon the first result there could be no difference of opinion. If drained 
land were deeply cultivated, there would scarcely be any overflow from 
the land surface. But there were circumstances which must interfere 
with the complete absorption of which a drained soil waa susceptible, and 
would prevent any very sensible reduction of the floods. Freshets, from 
such circumstances, would still prevail; though, as steam cultivation and 
deeper ploughing gained ground, a greater proportion of the rain would 
be admitted, and to a certain extent floods would be diminished. 

With regard to the second result the deduction appeared equally clear. 
It had been shown by Mr. Charnock, in his Holmfirth experiments, 
which extended from 1842 to 1846 inclusive, that evaporation from an 
undrained soil, maintained in a state of saturation, was 8 inches more 
than the rainfall, while that from the same soil, when drained, was 
5 inches less. The effect of under-draining upon the main perennial 
springs which supplied the rivers, was, therefore, to increase and not to 
diminish their flow, as had been stated; a circumstance considered of 
great advantage when viewed in relation to the increasing pollution of 
the rivers by the discharge of town sewage. Again, the beneficial effect 
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upon vegetation of lowering the standing water-bed during the apring 
and early summer, when all vegetable life was in its most sensitive atage, 
could not be overrated. The Hinxworth experiments showed that in 
March, April, and May, the temperature of the drained soil was higher 
by 2° Fahrenheit than the undrained soil. As a further illustration of 
the evil of a shallow water-bed, it was mentioned that, during the surve 
for the drainage of the Test Valley in 1852, a violent storm 

which blew down many trees. It was then found that the relative height 
of the several tree bottoms formed one line, or inclined plane, peres 
agreeing with the water level throughout the length of the valley; and 
showing that the soil of that valley, and those of which it was a type, was 
maintained in a state of wetness very closely approaching complete 
saturation. 

As regarded the third result, that under-drainage diminished evapora- 
tion and so lessened the rainfall, it was observed, that as Great Britain 
was surrounded by the ocean, a sufficient supply of water would be obtained 
from that source. Dr. Dalton had stated that in England the ave: 
quantity evaporated from a water surface was 44:43 inches, while Mr. 
Charnock showed it to be 35 inches at Holmfirth;—both in excess of the 
rainfall, with the quantity of moisture precipitated aa “dew " added. 

In conclusion, the hope was expressed that sufficient had been ad- 
vanced to show that the tendency of under-drainage, as at present 

gressing, was to augment the ordinary flow of rivers at that period o 
the year when the soil was saturated to the extent of its capability, and 
that the time was not far distant when the subject of this paper would 
force itaelf upon the attention of the country. 

With regard to the act of last session, which enabled the proprietors 
of the lower lands to remove mills, dams, weirs, and other impediments, 
under certain conditions, it was explained that these legal facilities, 
though they would aid in the removal of certain irremediable obstructions, 
did not involve any actual reduction of mill power in the aggregate. On 
the contrary, it was believed that, in a majority of cases, the point aimed 
at would be not the destruction of the mill, but the means of discharge 
into the mill-tail, and that many valleys would be divided into a series 
of smaller areas, feeding each other with increased water supply, by the 
actual process of draining. 


Annual General Meeting. 

Before commencing the proceedings the president said, that under 
ordinary circumstances he should have suggested to the members the pro- 
priety of adjourning the meeting, in order to ur their regret for the 
lamented decease of their honorary member H.R.H. the Prince Consort, 
and their deep sympathy with their beloved Sovereign and the Royal 
Family on their bereavement. As, however, the charter imperatively 
demanded the election of the council and officers on that evening, the 
council did not feel authorised in postponing the meeting, which would 
be restricted to the mere routine of the election. 

In presenting an account of the proceedings of the institution during 
the last twelve months, to which the report was exclusively devoted, it 
was stated that they would contrast favourably with those of any 
previous year. The more than ordinary attendances at the meetings 
showed, that the subjects brought forward for discussion had equalled, 
even if they had not exceeded, in interest those of former sessions. The 
elections of members and associates had been as numerous, and as a con- 
sequence the abstract of accounts exhibited a very satisfactory result. 
Considerable additions had been made to tbe library, to which the atten- 
tion of a special committee of the couuci] had been closely directed. 

The principal papers read during the session were then noticed; and it 
was remarked that many important works, some involving considerable 
novelty, had been executed by members of the institution both at home 
and abroad, which had never been described. It was therefore desirable 
that every acting and resident engineer, on the completion of any under- 
taking upon which he might have been engaged, should prepare a descrip- 
tive narrative of the progress of the works, of any peculiarities in their 
design, and particularly of any incidents that might have occurred during 
their construction. 

With a view to encourage the production of really valuable original 
communications, in preparing the list of subjects for premiums for the 
session 1861-62, it was determined to offer pecuniary awards, not exceed- 
ing in amount twenty-five guineas each, in addition to the honorary 
premiums, for a limited number of papers of distinguished merit. 
Although five o has had been specially selected, it was stated that 
other essays would be considered if of adequate merit. It was hoped that 
thia would have the effect of inducing the presentation of many useful 
papers, not so much from the intrinsic value of the reward, as from the 
distinction it would confer on & successful competitor. 

With regard to the library, it was stated that the application to the 
lords of the treasury for copies of the ordnance and geological maps of the 
United Kingdom had not Peen successful; the reason assigned being that 
their gratuitous supply had been discontinued in 1850, on the recom- 
mendation of the late Board of Ordnance, and that the Institution of Civil 
Engineers could not be made an exception to the rule. No steps had 
been taken for their purchase, as for the same sum, many books, atlases, 
and general maps could beobtained, which were likely to be more generally 
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useful, The purchases already made included lib: maps of E 
(topographical and geological), of England, Scotland, Ireland, India, the 


United States, and Canada; and spaces had been left for maps of the 
World and of Asia to be added, as soon as the new editions now in hand 
were completed. Two comprehensive atlases and a few standard French 
and English works, especially to complete series hitherto imperfect, had 
been purchased. Much useful information had been procured, particu- 
larly from the continent, which would facilitate future purchases. Tbus, 
there had been obtained, from the Ecole dea Ponts et Chaussees a care- 
fully prepared catalogue of works recommended by that school; from the 
Royal Institution of Engineers of Holland a marked list of the best books 
on water construction; and it was hoped that aimilar particulars would be 
shortly received from Germany and Italy. It was on all accounts 
desirable that the library should be unrivalled in ita peculiar speciai ; 
that it should contain copies of all treatises on engineering and the allied 
sciences, wherever published; and the co-operation of the members 
generally was earnestly solicited, to enable this to be accomplished. 

The abstract of the acccounts showed that the amount received from 
subecriptions and fees was greater than in any previous year, and that 
the current subscriptions were now 50 per cent. in excess of what 
where in 1851. During the year the Stephenson and tbe Miller Bequesta 
had been invested in railway debenture stocks, and an addition of £900 
had been made to the institution fund, so that the total investments now 
amounted to £12,194. 12s. lld. The sums on deposit at the Union 
Bank, and the current balance at the bankers’ raised this amount to 
nearly £15,000. 

The amount of arrears of subscription due for 1861 waa £241. 10s., and 
for 1859 and 1960, £89. 5s.; together, £330. 15s. Great exertions, had 
been made to reduce the sums owing for previous years, and in some 
cases the arrears had been paid in full, while in others a composition had 
been made. But still the council had been under the painful necessity, 
"after suitable remonstrance,” of erasing the names of one member, 
nineteen associates, and two graduates, from the register. 

The deceases during the year were announ to have been:—Mr. 
Eaton Hodgkinson and General Sir Charles William Pasley, honorary 
members; Sir William Cubitt, Messrs. William Allcard, Samuel Clegg, 
Nicholas Harvey, Joseph Maudslay, John McVeagh, John Plews, James 
Ralph Walker, and John Ward, members; Colonel Robert Kearsley 
Dawson, R.E., C.B., Messrs. George Aitchison, James Braidwood, 
Charles Frederick Cheffins, Octavius Cockayne, Charles Cowper, Henry 
Alcock Fletcher, Lionel Gisborne, William Newton, John Pigott Smith, 
Edmund Treherne, and John Neville Warren, associates. 

The number of elections had been 69, of deceases 23, of resignations 9, 
and of erasures 22; so that the effective increase of the year was 15, 
making the total number of members of all classes 945. It was mentioned 
that within the last quarter of a century the number of members of all 
classes had increased nearly four-fold. 

In closing the report, the council urged that the success of the Institu- ` 
tion depended a great deal more upun the individual exertions of the 
members, in support of its scientific character, than upon its pecuniary 
prosperity; and that it could not continue to hold the high position it had 
already attained without efforts and sacrifices being e by the present 
members, similar to those which were so unremittingly and so freely 
incurred by their predecessors. 


After the reading of the Report, Telford Medals were presented to 
Messrs. W. H. Preece. G. P. Bidder, junior, and F. Fox; Council Pre- 
miums of books to Meesrs. W. H. Preece, F. Braithwaite, G. Hurwood, 
and W. Hall; and the Manby Premium, in books, to Mr. G. Bidder, 
junior. 

l The following gentlemen were elected to fill the several offices on the 
council for the ensuing year:—John Hawkshaw, President; J. E. Erring- 
ton, J. Fowler, C. H. reet. and J. R. McClean, Vice-Presidents; Sir 
William Armstrong, J. Cubitt, T. E. Harrison, T. Hawksley. G. W. 
Hemans, J. Murray, J, S. Russell, G. R. Stephenson, C. Vignoles, and 
J. Whitworth, Members; and Mr. John Cochrane, and Col. Simmons, 
R.E., Associates. 


——áà»———— 


DE BATHE AND LYNALL THOMAS’ ARMOUR-PLATES. 
By LxwaLiL THoMxas.* 


Having attended the discussion at the Institution of Naval Ar- 
chitects without having had an opportunity of taking part in it, 
I avail myself of this opportunity of exhibiting and explainin, 
a method of affording resistance to the penetration of shot an 
Shell into the sides of a ship, which may perhaps be worthy 
of your consideration, as I believe from long and earnest con- 
sideration, added to considerable experience, of the effect pro- 
duced by shot generally, that the solid iron plate on a coating 
of timber, as adopted in the general service, is one of the worst 
which could be conceived. My chief reason for this opinion is, 
that the whole force of the blow coming at once upon the plate, 


* Paper read at tbe United Service Institution. 
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ite effect is felt eric add through the whole thickness of 
the plate in the direction in which the shot is moving. An im- 
mense thickness of metal is therefore required, and onsequat y 
an enormous weight upon the sides of, and strain upon the ves- 
sel generally; the joint efforts of which make the remedy almost 
as bad as the disease. With respect to the strength afforded by 
the wooden back, I have to observe, that in all my experiments 
I have found the wooden foundation to favour rather than prevent 
the penetration of the shot through the iron plate. There are 
several methods for preventing the penetration of shot or shell 
into the sides of a ship. 1st. By constructing these sides entirely 
of iron, thus opposing plates of solid metal to the impact of the 

jectile. P By sloping the sides in such a manner as to de- 
Rect the projectile. 3rd. By covering the sides with some sub- 
stance which shall receive the first impact of the projectile 
dispersing the force before complete penetration can take p 

he objection to the first of these methods is, that with the con- 
tinual improvement in the means of attack, so great a thickness 
of metal would be required, that no ship could carry it without 
great detriment to her sea-going qualities. : . 

With regard to the second method, namely, the sloping sides, 
the same objection holda good; for, although a less thickness of 
metal might be found sufficient to divert the blow of a shot when 
fired at ships thus constructed, unless under certain circum- 
stances, yet such vessels must of necessity lie so low in the water, 
that in engaging land batteries or vessels much higher out of the 
water than themselves, the sides would be liable to penetration, 
unless the metal plates were of a thickness identical with those 

uired for a vessel of an ordinary form, so that a still greater 
weight of metal would be necessary, inasmuch as more would be 
required to cover a sloping than an upright side, the surface being 

ter. 

Up to the present time, I believe that the efficiency of the 
sloping side has only been tested with “round” shot, which are 
more easily deflected by the slope than flat-headed shot of an 
elongated form, for the following reason. The ordinary spherical 
shot only preserves sufficient force to penetrate an “ordinary” 
iron plate (i.e., 4 inches) for a short portion of its flight. Conse- 
quently, unless at point-blank distances, it is useless to attempt 
to penetrate an iron plate with ronnd shot. With a heavy elon- 
gated shot, however, this penetration could be accomplished from 
a greater distance. Now, supposing the gun to be fired with 
some elevation, the sloping sides would be rather favourable to 
penetration than otherwise, in proportion as the angle of the 
shot's descent approached that of the sloping side. 

It has hitherto been a received opinion that the axis of an 
elongated shot remains always parallel to itself during the shot’s 
flight, in which case its penetrative powers would be considerably 
decreased as the distance of the object struck increased. This 
however is not necessarily so. An elongated shot may be so 
constructed that its axis shall remain a tangent to the curve 
throughout the whole flight, so that such poral will always 
fall point foremost on the object struck. This has been proved 
by Se in a manner which placed the truth of it beyond 
adoubt. In fact, I myself made the experiment with a 7-inch 
ic de at Shoeburyness, 

t I have just stated shows that the thickness of metal for 
vessels constructed with sloping sides cannot safely be diminished. 
Should the vessel roll (and who can assert they will not, and that 
heavily) where will be the use of sloping sides? When the guns 
have to be worked on the top of the sloping sides, the effect of 
the ricochet of the broken shot, &c, from what may well be 
called an iron glacis, will probably be most destructive. 

The third method, namely, that of disperaing the force of the 
shot before the latter has time to penetrate the sides of the v 

to me to be the one likely to be attended with the greatest 

iency, convenience, and economy. The Warrior, and other 
iron-cased frigates, are examples of this principle in its most 
primitive form. These vessels have wooden sides, and to prevent 
the penetration of shot they are simply coated with plates of iron, 
The proposition to construct the sides of the vessel with iron, 
placing wood outside as a protection, is the same in principle, and 
would doubtless be more efficient in preventing the complete 
penetration of solid shot; but the facility with which a coating of 
wood, or indeed of asf soft substance, would be destroyed by 
shella, puta this method out of the question. I entertained the 
above idea some time ago myself, but, discarded it for the reason 
I bave mentioned. ith respect to the wooden veasel coated 
with solid iron plates, there appear to be several almost insur- 
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mountable objections to their permanent adoption. In the first 
place, it would appear to be necessary, after a ship of this des- 
cription has been laying up for some time, that she should be 
stripped of her armour from stem to stern before she can be 
honestly pronounced fit for serviceagain. Furthermore, in order 
to ensure the requisite protection, the iron would have to be 
nearly, if not quite, as thick as if she had no wooden sides at all. 
The method which I have.now to submit to the consideration 
of this meeting is one which I believe will be found better calcu- 
lated to attain the desired ends than any of those I have men- 
tioned. It is, I believe, quite a new idea, and consiste of pro- 
tecting an iron vessel with iron armour. This armour, to which 
we have given the name “louvre-plate,” on account of its simi- 
larity to a louvre-board, or, what will be more easily underatood 
by most, a “jalousie blind,” is the joint invention of Colonel de 
Bathe and myself, and is the result of much careful consideration, 
coupled with some knowledge of, and experience in, the effect of 
heavy rifle projectiles, N 
The diagrams will show more fully the arrangement and dis- 
position of the metal, and may be thus briefly described. Upon the 
sides, say 24 or 3 inches in thickness, of an iron vessel, are placed 
the plates one above the other in the manner ehown, leaving an 
interstice between each which might advantageously be filled with 


Fig. 2. 


Fio. 1. Fig. 8. 
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an elastic substance, such as New Zealand flax, junk, &c. In this 
instance the plates are supposed to be 2} to 3 inches thick, and 
the interstices 1] inch; but this, as well as the thickness of the 
plates, is arbitrary, and will depend entirely upon the size of the 
vessel and upon the relative protection which it may be considered 
desirable to afford her. By this means we get rid of a very large 
portion of weight; in fact, reckoning that of both the iron and 
wood in such iU the Warrior, the weight would beover one- 
fourth lesa. 

It will be pereeived by this peculiar disposition of the metal, 
that the force of a shots impact is felt, not in the direction of ita 
flight, as in the case of a solid plate, but at the point above it, and 

i Fie. 4. 


therefore the effect upon the hinder plate is enormously reduced. 
Very little solid resistance is offered to the first im of the 
shot; but the quality of elasticity so largely pose br iron is 
made subservient to resisting the effect of impact in a very great 


measure. 

I od rios draw your attention to iiie other Pili 
tages which this arrangement esses in a hi egree, one o 
which is the ease with. which any damage zd be repaired by 
means of s lates; so much so, that a vessel may carry them 
and repair her ages at sea. Again, the effect caused bya shot 
striking the side is confined to a smaller space than is the case 
when a large solid plate is struck (more especially when the plates 
are not penetrated), since the whole plate, which may have a sur- 
face of 70 or 80 square feet, is affected by the blow. An elong- 
ated shot, from the unequal resistance which it would encounter 
upon its fore-end, would have its penetrating power very much 


24 


more leasened in striking plates of this kind than in striking 
those presenting a surface offering a uniform resistance, from the 
ter ease with which the equilibrium of their axes would be 
estroyed. It will however, i believe, be found impossible to 
entirely prevent the sides of & vessel being penetrated by solid 
shot. There isa limit to the thickness and weight of iron which 
a ship can carry; but the limit to the weight of the projectile, and 
the force with which it can be driven, has not yet been reached. 
All we can at present hope to do is to prevent the penetration of 
the very destructive elongated shells which are now coming iuto 
use. The best course to be pursued, as it appears to me, would 
be first to ascertain what extra weight ships of each class could 
carry on their sides without much impairing their sea-going quali- 
ties, and then to distribute that weight of metal in the most 
efficient manner for her protection. 

The experiments made upon the Trusty, as deacribed by Capt. 
Halsted, although extremely valuable, I look upon as edes 
far from a conclusive proof that that Kil aer of plate woul: 
afford so great protection to ships as alleged. In this instance, 
single guns only were tired each time at her. Now, in order 
to form a correct estimate of the efficiency of these plates, or 
indeed of any method of protecting ships of war, the vessel 
experimented upon should be moored, or placed in a position 
where a large frigate could steam past her, delivering her broad- 
side as in action. It is highly probable that the effect produced 
by two or three shots striking the same plate simultaneously 
would prove more destructive to it than ifit were struck by them 
at separate intervals. Two or three broadsides of heavy guns 
well delivered, at a distance of 50 or 100 yards, might pos- 
sibly from the sheer force of the concussion so damage or loosen 
her plates, that a few well-directed shots might suffice to place 
her at the mercy of her antagonist. 

It has heen stated that a solid 4-inch plate offers a greater resist- 
ance than four l-inch plates placed apart—that the resistance, in 
fact, is as the square of the thickness ; that is, in the case of the 
4inch plate, this resistance is as of 16, whilst with the four 
l-inch plates it is only as of 4. This is perfectly true as regards 
the punching machine, or any similar continuously-exerted force, 
but quite erroneous with respect to a shot's impact. A punchin; 
machine of sufficient power to punch a hole in an inch plate will 
not only punch holes with equai facility through four, but 
through four hundred, if necessary; but a shot may penetrate an 
inch plate, and not be able to penetrate two pl one behind 
the other. One is a question of continued pressure on the inch, 
the other of impact and velocity. Solidity only would resist 
a large continuous pressure; but the effect of a shot’s impact will 
be impaired by any diminution in its velocity; and the velocity 
may be diminished in various ways—in fact, it begins to be 
diminished the moment the shot leaves the muzzle of the gun. 

I grant that, if these louvre-plates were placed under a punch- 
ing machine of sufficient power, they would be penetrated much 
more easily than a solid plate of the same thickness, because, in 
the punching machine, time is of no account; but the time which 
would be required to beud these plates down is of immense im- 
portance in destroying the effect of a shot’s impact, since it 
would cause the force of the shot to be rapidly dispersed in each 
direction, 

Although, in the experiments which have been made against 
iron plates, the form of the projectile and the metal of which it 
should be composed are questions of great importance, I hold 
that they have engrossed an undue share of attention, and that 
scarcely sufficient regard has been paid to the force of propulsion. 
At short distances the form of the projectile is of small importance 
compared with the degree of force which is employed in its pe 
jection; thus, with a gun of a given weight, I believe it will be 
found to be of more importance in close action to ‘mpya heavy 
charge of powder and a lighter projectile, than a heavier pro- 
jectile and light charge of powder; for it must be remembered 
that it is the propelling force, i.e, the charge of powder, which 
drives the shot oe h. Now, although the charge for rifled 
cannon is a comparatively limitel one, because when exceeding 
a certain proportion the shooting becomes wild, yet at short dis- 
tances, where great accuracy is not of so much consequence, 
a very heavy charge may be used with great effect. It has been 
proposed to increase the weight of projectiles employed against 
iron plates, diminishing the charge of powder. Now, were it an 
easy matter to penetrate both sides of an iron ship, this proposi- 
tion would be reasonable; but in the present state of affairs it is 
altogether an erroneous idea. In support of what I have stated 
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with regard to the effect of a shot's impact, I will quote a 
passage from Sir Howard Douglas's valuable work, “Naval 
Gunnery,” page 77 :— 

“If an oblong shot, twice the weight of a round shot of equal dia. 
meter, be fired with the same charge, the velocity of the former will be 
less than that of the latter, in proportion as the square root of the weight 
is greater; that is, the weight being as 2 to 1, the velocities will be aa 1 
to/2. But the effect of impact, measured by the volume of penetra- 
tion, being as the weight of the shot and the square of its velocity, it 
follows that with equal charges the effect of the oblong ahot will be just 
equal to that of a round shot of equal diameter.” 

From the above, therefore, it is evident that the charge of 
powder being constant, no additional weight in the projectile 
will increase the effect of ita a The reason why the 
68-pounder 95-ewt. gun has not yet been superseded in our naval 
service, lies in the simple fact, that a charge of 16 lb. of powder 
can be fired from it, and neither Sir William Armatrong nor Mr, 
Whitworth have been able hitherto to produce a gun capable of 
surpassing it on this point. With a view of beating the heaviest 
smooth-bores in the service upon every point, I have had a rifle, 
gun constructed upon a principle of my own, from which a charge 
of 21 lb. of powder can be fired with perfect ease and safety, and 


-with projectiles of any weight, from-120 lb. to 180 Ib. or more, as 


may be deemed most advisable. It may, perhaps, have come to 
your knowledge that this gun has already been tried with very 
remarkable results, and a further trial is about to take place. 

On the first oceasion the charge was increased from 21 lb. to 
281b. of powder, the projectiles being 1751b. in weight. Nine 
rounds were fired, chiefly with a view to test the strength of the 
gun, and upon this, as indeed upon every other point, the result 
was most satisfactory. In order to try the gun (which I may 
here observe loads at the muzzle) to the utmost, three rounds out 
of the nine were fired at an elevation of 373? ; two with 25 lb. and 
one with 281b. of powder. The range attained was very nearly 
six miles, and the penetration into the earth totally prevented 
the recovery of the shot, and could not be ascertained; the time 
of flight of these shot was from 37" to 40”. No iron plate which 
has yet been placed on a ship's side could I think resist the 
impact of a shot from this gun at any distance within 2000 yards 
or more; and if Sir Howard Douglas's method of calculating the 
effect of the impact of shot be (as it doubtless is) correct, these 
shot would have the same force at any point within that distance, 
as that of a 68-pound shot when it first leaves the muzzle of the 
gun, since the mean velocity of flight in passing over a distance of 
2150 yards was exactly 1200 feet a second, the time of flight 
being 531 seconds, I believe it is in contemplation to arm the 
Warrior and ships of her class with thirty-six 100-pounder Arm- 
strong guns which are of about 4 tons each, whilst the gun I have 
mentioned is of about 6 tons. Now it appears to me that twenty- 
four guns of this description would prove a much more efficient 
armament than thirty-six of the Armstrongs, which have not 
shown much power against iron plates. There would be besides 
several advantages attending such a aigi: One of which 
would be, that two portholes only would neceasary where 
there are now three, and that in the future construction of this 
class of vessel the parallel sides would require to be of less 
length by 90 feet, since the eame intervals only d feet) would be 
required for the purpose of working the guns. Those who heard 
Mr. Scott Russell's most interesting lecture at the Institution of 
Naval Architects will both understand and appreciate the 
suggestion. 

ut to return to the subject more immediately under discus- 
sion, I would remark that I believe no sea-going vessel can carry 
plates of any description which shall render her sides proof 
&gainst the penetration of solid shot, and therefore that these 
vessels should only be protected as far as may be possible, without 
depriving them of other and vitaliy important qualities; and this, 
I believe, may be done in a manner to prevent the penetration of 
incendiary and explosive projectiles of a very heavy description, by 
some such distribution and arrangement of the metal as that 
which I have now the honour to introduce to your notice. 

A powerful armament and t speed are matters of the very 
highest importance, and nottobe lightly sacrificed; in fact, an iron- 
cased vessel wanting these qualities would present a mere inert 
target toa more active and better-armed opponent; and her certain 
capture and destruction would be simply a question of time. A 
ship of waris commissioned to “burn, sink, and destroy," and 
not simply to save herself fram being burnt, sunk, or destroyed. 
In conclusion, I would remark that having no experience in ship- 
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building, but having had t experience in the effect of shot 
upon various materials, I have regarded the sides of a ship in 
this question in the light simply of a protection against destruc- 
tive missiles, that is, in what manner the greatest protection can 
be afforded with the employment of the smallest possible weight. 

The following is an explanation of the diagrams:— 

Fig. 1 represents a transverse section of the side of an iron ship 
protected by the armour-plates, a a being the side or skin of the 
ship of a zig-zag form; 6 6 the outer or “louvre” plates; c is the 
bolt which fastens the latter on to the former. The spaces be- 
tween the louvre plates may be filled with some elastic substance. 

Fig. 2 gives a front view of the bolt c. 

Fig. 3 shows the manner in which the inside plates are con- 
nected one with another in a longitudinal direction, ddd being 
the rivets, which are placed at certain intervals apart. 

Fig. 4 is a front view of the vertical joint, aa being the plates 
which form the side of the vessel, and e the plate which is placed 
at the back to strengthen them at the joint. This plate is also 
made fast with three rows of rivets. 


In reply to various questions, Mr. Thomas stated that the gross 
weight involved in the proposed form would be one-fourth leas 
than, and, according to the calculations of a well-known iron 
company, the expense about one-half (£25 instead of £50 a-ton) 
the expense of the Warrior,—that the saving would result 
chiefly from all the plates being rolled at the cost of about £8 
per ton, whereas the Warrior’s plates are very expensive, espe- 
cially where there is tongueing and grooving,—that repairs could 
be made with great facility, without disturbing any but the in- 
jared parte. The width and thickness of the armour-plates would 
te adapted to the size and tonnage of the vessel; it will be im- 
possible to give a small vessel a protection equal to that of a large 
veasel. The effect of the shot's impact is diverted, so that the blow 
upon the inner plate is not felt in the direction in which the shot 
ia moving, but at a point above it, which considerably lessens the 
destructive effect. The spaces between the plates may be packed 
or not with some elastic substance, but the packing was objected 
to, as giving rise to the deposit of a great deal of moisture. The 
inside plates of iron, or skin of the ship, may be flat instead of a 
zigzag form, but the latter offers a better resistance to shot, 
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ON PHOTOGRAPHIC DISTORTION.* 
By RosERT H. Bow, C.E. 


So many peculiarities of the photographicpicture may be classed 
under this head that the term is very indefinite, unless it be under- 
stood to mean the total bad effect arising from the accumulated 
distortions of various kinds. Or it would be perhaps better to use 
the term in the plural number, and attach distiuctive epithets to 
the several varieties of distortion. I here offer what is probably 
an incomplete list of the jüstogrepnie distortions. 

1.—We very frequently have an appearance of excessive en- 
largement of the nearer objects in a picture. This is more striking 
in the case of photographs of objects placed very near the camera, 
and taken with a lens of short focus. Ft consists of a perspective 
distortion arising from the distance from the eye at which the 
picture is held when inspected in the hand being far in excess of 
tbat distance with which the perspective is in accordance. Now, 
as portraits are most liable to this kind of distortion, and show it 
in a most offensive way, we may be allowed to distinguish it as 
the “ portrait distortion.” 

2.— We have very commonly either a contraction or enlarge- 
ment of scale at the margins as compared with the centres of pho- 
tographs, producing the respective appearances called * barreling? 
and “ pincushioning;" and asthis is most observablein, and most 
detrimental to the value of, copies of plans and charts, we may 
particularise it as “ chart distortion." 

3.—We sometimes have a contraction of scale towards one 
margin of a picture, caused by the tilting of the camera. It is 
most frequently to be noticed in pictures including high buildings, 
the top of the picture having a contracted appearance, the reault 
of an upward inclination given to the camera to enable it to 
embrace the higher objects. In copying a picture also this form 
of distortion may be produced, unless care be taken to have the 
axis of the camera so placed ns to intersect perpendicularly the 
plane of the picture in the central point. 


* Paper read before the Edinburgh Photographic Society. 
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4.—We have an undue width given to the high lights from their 
encroaching upon the neighbouring shadows. This is due to 
aberration of the lens and the use of toolarge a stop. The rays 
which are not bronght to a perfect focus spread the effect of the 
strong light overa larger space. This distortion may be somewhat 
modified in magnitude by the length of exposure and the particu- 
lar action of the chemicals employed. 

6.—We have that variety of distortion pointed out by Sir 
David Brewster as affecting the images d small prominent 
parte of a body when taken with a lens of large unstopped 
aperture. 

6.—We may note what, in some treatises on optios—as for 
instance Dr. Lardner's—is particularly called “distortion of the 
image," butthisis perhaps better known by the better name of 
* curvature of the field." 

It is to the two first varieties of these distortions that I mean 
to confine my remarks, viz., the portrait and chart distortions, and 
Ishall chiefly dwell on the latter of these. i 

ON THE “ PORTRAIT DISTORTIONS.” 

Tn the case of all pictorial representations into which perspective 
enters there is, for each picture, a certain point at which the eye 
should be placed in order that the apparent relative distances and 
maguitudes may be all correctly given. Thetruth of this, though 
known toall who have studied perspective, does not readily come 
home to us ina practical form, since the eye is so accommodating, 
or rather so little critical on this point, that a picture may be 
placed at a considerable range of distances from the observer 
without the ensuing incongruities of the perspective becoming 
offensive in amount. I speak thus in reference to the productions 
of our best masters in painting. 

Another order of things, however, was established by the intro- 
duction of the quick-acting portrait camera, with its short focus, 
and the accompanying necessary proximity of the person to be 
operated upon to the instrument. Yet the distorted appearances 
which we find in the productions of such a camera, and which have 
in the public mind been attached as distinctive characteristics of 

hotographic portraiture, are only exaggerations of a defect which 
ìs attached to every picture. 

When a picture is looked at from the proper point of view the 
image in it of any object subtends the same angle at the eye as 
the object itself would do were it seen direct. But the error 


. committed in taking photographs of near objects is, that the 


proper point of view for the photograph is at far tou short a dis- 
tance from it. 

When a photograph is produced by a camera with a small un- 
stopped lens, the proper distance at which it should be viewed to 
8ee it in correct perspective is identical with the focal length of 
the lens. Now this distance is frequently not above a third of 
that at which the photograph would generally be held wheu 
inspected in the mes But, not to exaggerate, I will, in the fol- 
lowing examples, speak of this focal length or proper perspective 
distance of observation as six inches, and the distance at which 
the photograph would generally be held when inspected in the 
haud, at double this, or one foot. 

Let the objects of which we are supposed to take experimental 
photographs be two sticks or posts of ual and suitable lengths, 
placed 5 feet apart, measured in the direction of observation. 

ow let us first plant our camera at a distance of 100 feet from the 
further-off post, which we will consider the standard or undis- 
torted one. Let the angle subtended at the distance of 100 feet by 
this post be pd by a, then the angle subtended by the 

T 100 
nearer post will be = p5 TA 

Taking a photograph of these with an unstopped lens of small 
aperture, it is evident that, when this is held at the focal length 
of six inches from the eye, the angles subtended by the imaged 

ata will be the same as if actually looking at the posts direct. 

ut the photograph would not be so held: 1t would we assume be 
naturally placed at a distance of one foot from the eye, so that 
the angles subtended by the imaged posts will be reduced to half 


5 a a 100 
their former values,* or become = 2 and 3'95" We havenow 
to inquire into what change these altered angles represent, and we 
shall arrive at the apparent distortion or change, by arranging 

* It is not strictly correct, but sufficiently so for the Eber purpose, to eay that 
the angles become of balftheirformer values, They really become such as to have 
tangents equal to half the tangenta of the original angles. 
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the actual posts so as to subtend these new angles at the eye; and 
this may be done in three different ways:— 1st. We may double 
the distance of each post from the camera, putting one 200 feet 
off and the other 190 feet: the accompanying effect of this would 
be to lengthen out the distance at which they are apart from 5 to 
10 feet. 2nd. Retaining the distance apart of 5 feet we must 
place the standard one at 200 feet off, and lengthen out the nearer 
post toa certain degree, ascertained thus:—the angles we would 


have if we did not lengthen the nearer post would be =; and 


a 200 a a 100 

D aas — = epee E tth 

à' 196? and the angles we want are — 3 and $ gp^sotha e 
ag 100 200 


1 
length to be added to the nearer post = 2\ 35 7195 == 


001344, ita length being taken as unity: the increase of length would 
therefore amount to only about 14 percent. The third method 
of bringing about the change in the angles is by a partial adop- 
tion of each of the above expedients, and this, as we shall more 
particularly point out, is the actual change which the picture 
represents. 

From theabove example we see that for such objects placed at 
so great a distance from the instrument the amount of apparent 
perspective distortion is very trifling, and far less than what would 

required to strike the eye. But let us now take a more trying 
example. Let us produce the photograph of the posta with the 
camera only 10 feet from the further-off one; and let the angles 
under which they are seen direct, and their images seen at 6 inches 


oif, be — b and b - or 25; these become in the photograph placed 


1 foot off = $ b and b. To make the actual state of matters cor- 
respond, we must—lst, either place the posts at the respective 
distances of 20 and 10 feet; or, 2nd, placing the standard one at 
20 and the nearer at 15 feet distant, we must lengthen the latter 


by an amount = b — ( $5 i) 1 b, or 33j per cent.; or, 3rd, 


we must so far make both changes that their combined effect will 
give the requisite change in the angle subtended at the eye by the 
nearer post. 

The effect produced upon the eye by the two first alterations of 
the positions or lengths of the posts are identical, so that the eye 
alone is not capable (in so far as perspective is concerned) of 
judging between them, or saying in what degree either form of 
distortion exists to the displacement of the other; and the judg- 
ment really formed will be very much directed by the character 
of the picture, and the ideas respecting it pre-occupying the mind. 
We may venture, however, to say that, in the case of an ordinary 
picture, the idea of enlargement of the nearer objects will pre- 
doininate over that of their exaggerated separation from the back- 
ground, since this makes a Med demand upon the power of calling 
up the idea of relief. In some stereoscopic pictures, on the other 
hand, where the idea of relief may be exaggerated, the nearer 
objects will actually appear diminished as compared with the 
background or more distant objecta. 

All that need be said in regard to obviating this form of distor- 
tion is merely to repeat directions which have already been given 
by others—to avoid taking a photograph of an object with the 
camera placed too near it; or, when that is unavoidable, to use a 
lens of much longer focus than usual. 

This form of distortion is peculiarly prominent in the case of 
portraits, but these are also liable toall the other varieties, 

(To be continued.) 
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REVIEWS. 


A Complete Treatise on Cast and Wrought Iron Bridge Construc- 
tion. By WiLLiAM Hooper, A.LC.E, &c. Folio, 2 vols. (text 
and plates) London: Spon. 1861. (Second notice.) 

We have reserved for this concluding notice the consideration 
of the practical, and perhaps 1nost important and,useful, portion 
of Mr. Humber's onc 

Under this head we may with propriety include the tables of 
the dimensions, weight, strain, and cost of various iron brid 
We extract, by way of specimen, the data of a few bridges: but 
the entire tables (comprising particulars more or less complete 
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of between seventy and eighty bridges) will be consulted with 
advantage in the volume itself (ee next page). 

Assuming the correctness of the preceding figures, we remark 
that, for its scale of span, the Saltash (Royal Albert) Bridge is as 
remarkable for ita cheapneas as for ita original and elegant desi 
the cost per foot forward being about £100, while that of the 
Britannia Bridge is .£100. The Pimlico Bridge, consisting of 
wrought-iron arches, and having spans of but 175 feet, appears 
as costing very nearly as much per foot forward as Saltash, with 
its spans of 445 feet. The marvellous economy of the latter is 
partly due to the depth of truss employed, but mainly to the skil- 
ful adaptation of the suspenaion principle. 

After the first of the tables on the strength of iron, mentioned 
in our former notice, we find the following remarks as to the in- 
fluence of foreign ingredients on the quality of cast iron. 


t In comparing the tensile and compressive resistances, we notice that 
there is not a constant ratio between these quantities, but, on the contrary, 
this ratio varies widely, and we find that with some specimens the re- 
sistance to crushing force is three times the tensile resistance, and in others 
the crushing strength is even seven times as great as the tensile strength; 
and between these two values are the ratios of the strengths of the remain- 
ing specimens. We have not deemed it advisable to encumber our space 
with chemical qualities of the various irons, but will now mention some 
of the characteristic constituents of some of the specimens now exhibiting 
well marked differences of strength. As the tensile and compressive 
resistances do not bear any constant ratio to each other, we must con- 
sider the effects of chemical constitution upon each separately. 

We will first consider tensile resistance. We here find, as a general 
rule, that the ingredients which deteriorate the strength in the greatest 
degree are silicon, phosphorus, and sulphur, but there are some samples 
in the table which are actually stronger than some others containing less 
of these constituents. Of theeffect of manganese we cannot certainly 
assure ourselves, ae some experiments ap to be in its favour, whilst 
others give adverse indications, although the former are perhaps more 
marked than the latter. Let us select a few specimens for special con- 
sideration. Hematite iron, No. 1. F. P. has a strength of 14,233 Ib., 
aud the important foreign constituents are, manganese 0:1] per oent., 
silicon 3:02, phosphorus 0-06; and again, the Netherton iron, Nos. 4 
and 5, exhibits a strength of 30,344 lb., and contains, manganese 0°27, 
silicon 0:83, graphite 3:03, sulphur 0:04, phosphorus 0°31, we may expect 
here an increase of strength on account of the diminution of silicon and 
graphite, the former most particularly; but, on the other band, this iron 
contains a larger proportion of phosphorus than the preceding sample, and 
it also contains sulphur. The manganese is in excess, and it is a question 
which way this operates; if favourably, then the great strength of this 
iron is more readily accounted for. If we examine Nos. 3 and 4 of the 
hematite iron, we find that their respective strengths are nearly equal, 
while their constituents areas follows: the manganese is the same in both 
samples, the silicon is least in the second, which is a little the weaker of ' 
the two; the total amounts of carbon are very nearly equal, but in the 
second sample a small portion of it is combined; there is ten times as much 
sulphur in the second as in the first, but there is less phosphorus—three- 
fifths of the quantity; from this it would appear, that sulphur docs not ex- 
hibit ite effects in so great a proportion as phosphorus, for the difference of 
silicon is but small, and the sulphur in the first specimen is 00:1. and in 
the second 0:10, and the phosphorus in the first 0°05, and in the second 
0:03. We observe another case of two irons, one having a tensile strength 
of 30,115 lb., and the other 30,334 1b.; though the former contains twice 
as much phosphorus, one and a half times the silioon, and more sulphur 
than the latter, which disadvantages appear to be compensated by a great 
excess of manganese, and a slight diminution of graphite. 

With regard to the compressive strength, it will be advisable to com- 
pare the constitution of specimens of equal tensile resistances, or nearly so. 
In the case of two of the specimens, we find that one has a tensile resist- 
ance of 10,886 lb., the other 12,593 1b., while the compressive strengths are 
respectively 77,690 lb. and 56,119 Ib. The first specimen contains only 
a trace of manganese, the second a considerable quantity; the first has 
twice as much silicon, less graphite, more sulphur, and eleven times as 
much phosphorus as the latter. From this example, and also from three 
or four others where the tensile resistances are not widely different, but 
varying inversely to the compreasive, we are led to conclude that deterio- 
ration due to silicon and phosphorus is not so great for compressive resist- 
ance as for tesile, though a general examination of the table shows that an 
effect similar in kind, though different in degree, is certainly exhibited; we 
also find that for compressive strength the presence of manganese is not 
advantageous.” 


The following passage on the proportions of foreign consti- 
tuents in various iron ores is also interesting— 

“The nature of the metal employed will, of course, depend in a 
great measure upon the purpose for which the casting is required; 
it would therefore be useless to enter into this subject, but we 
will give a brief account of the properties of the irons made in various 
parta of the country, previously stating, however, that our information is 
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Dimensions, Weight, Strain, and Cost, of various Iron Bridges. 


Distance " Btrain 

No. of į No. of | Greatest Depth of Rise Width of | Weight Eeputed 

Description Length, Spans. Ribs, Span. Bib. | Versine. ees tform. wien arin 

Feet In. Feet In. | Fest In, Feet In.| Feet In. (Feet In. Tons. | Tom. | £ 
Westminster ... ...| Arched rib 160 0 | 7 | 15 |120 0 134] 20 0| 15 241) 83 o|s100| soo} 235000 
Southwark ... -| Do. do. 800 0 8 $ |240 0 eee ee 4 0 42 6 | 4585| ... 384000 
Vauxhall... |. -| Do. do. 880 0 | 9 |... of 60 |24 0| .. [36 2| .. | .. | 800000 
Britannia... ... -..| Tubular 1511 0 | 4 | 2 |460 of 30 0 | .. 2. 14 0|9360| 5-62 | 601865 
Conway .. .. -| Do. 424 0,| 1| 2 |40 0| 25 5 —o 14 0 | ange | 4-50 | 145190 
Victoria, Montreal... Do. 9500 0 | 25 | 1 |330 0| 22 0 ..  |16 0 {10400 | ... | 1350000 
Crumlin .. | Triangular Girder | 1800 0 {10 | 4 |150 O| 15 6 H MI EE 27200 
Boyne... | Lattice do 550 0 | 3 | 2 | 264 0| 22 6 .. | 24 8| 792 | 500| 140000 
Charing Cross Trellis do 1365 0 | 8 | 2 | 154 0| 13 6 49 4 1867 4| .. 160000 
Saltash .. ‘| Bowstring do 2240 0 |19 |... | 445 0] ... : o |17 0| 4000 225000 
Pimlico .. | Arch do 90 0 | 6 | 4 [m5 oj s 6 jm 6{}38 21) 90 o um $0000 
Hungerford Suspension 1858 0 3 676 6 50 0 s 14 0 98760 
Fribourg .. o. m 1 820 0 638 6| |. |210 24000 
Chelsea Do 704 0 | 3 348 0 29 0 2o d40 88000 
Niagara .. Do a 1 800 0 in 24 0 80000 


obtained from the published report of the experiments on cast-iron con- 
ducted in the years 1856 to 1859 at the Woolwich Arsenal. 

The iron prepared from the ores of Whitehaven, Weardale, and those 
of the Forest of Dean, are remarkably free from phosphorus. This is 
due to the very high quality of these ores, which are almost entirely free 
from phosphorio acid; the considerable percentage of silicon contained in a 
great number of the ores is not so easy of explanation, but may perhaps 
be due to the use of hot-blast in the reduction of the iron. The products 
of the ores of South Staffordshire and South Wales are for the most part 
ol excellent chemical quality. Out of twenty-six samples examined, only 
three occur in which the silicon amounta to 2 percent. Out of thirteen ex- 
amples from the Netherton and Old Hill Works, only seven cases oc- 
curred in which the silicon exceeded 1:15 per cent. 

The proportion of phosphorus and s i phur in iron from the ores of 
these districts was also inconsiderable in the samples of iron which were 
examined; in only three out of the twenty-six samples did the sulphur 
amount to 1-10th per cent., and the phosphorus amounted to less than 0:5 
[eene in twenty samples; of the remaining six samples three contained 

than 0°6 per cent; one from the Old Hill Works contained 0:63 per 
cent., and two samples from the Brierly Hill Works contained 0°64 and 
072 per cent. The ores employed at the latter works contained some- 
what higher percentages of phosphoric acid, the effects of which on the 
composition of the iron produced are therefore clearly traced. The per- 
centages of the phosphoric acid in the ores used at the Old Hill Works 
are also higher than in those used at the remaining South Staffordshire 
Works, and ite influence on the quality of the product is shown by refer- 
ence to the composition of some of the iron from those works. 

The oolitio ore and clay iron-stones used at the works in the North 
Midland and North Staffordshire districts, as also the ochrey-brown iron- 
siones used at the Northamptonshire Works, contained proportions of 
phosphoric acid which are more considerable than those existing in the 
greater number of the other ores examined. Thus the ore employed at the 
Bouth Bank Furnaoes contains nearly 2 per cent. of phosphoric acid; that 
used at the Stockton Works contains upwards of 1:5 per cent., and very 
nearly the same amount existe in one of the ores in the Butterly Works, 
and in that employed at the Goldendale Works. The proportions of 
phosphorus in the various samples of iron from these sources exceed 1 per 
cent., except one sample from the Butterly Works, in which however it 
amounts to 0°72 per cent. The samples of iron produced from the North- 
amptonshire ores also contain more than 1 per cent. of phosphorus, the 
proportiona of phosphoric acid in the ores are, however, not quite so high 
aa those in the last alluded to, amounting to 0°84 and 1°08 per cent. The 
samples from the East End Works are stated to have been produced by 
the cold blast. The North Staffordshire ore used at the Goldendale 
Works contains nearly 15 per cent. of phosphoric acid, and the proportion 
of phosphorus in the iron produced from it just exceeds 1 per cent. 

A general inspection of the results obtained from the examination of 
the ores and of the irons manufactured from them appears to justify the 
following ccnclusions :— The proportion of silicon in the iron is much less 
infuenced by the constitution of the ores than by the conditions of smelting 
under son e circumstances, among which may be included a deficiency of 
alumina in the ore of flux employed; an ore containing much silica is very 

Table to give rise to a highly siliciousiron. The proportion of sulphur ex- 
isting even in light grey pig-iron is never so considerable as to exert even 

iable influence on the properties of the metal, and none of the 
ipticns of British ores which have been examined contain an amount 

of sulphur sufficient to exercise any prejudicial effecton the irons produced 
from theyn. The proportion of i fd puni in iron is in a great measure 
due to the percentage of phosphoric acid in the ore employed, while at the 


| 
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same time it is probably to some extent regulated by the temperature at 
which the iron is reduced.” 


In the practical application of the formuls given in the pre- 
ceding part, our author goes into detail in a manner very useful 
to those who have to learn the designing and proportioning of the 
various parta of iron bridges. We have then a very comprehen- 
sive and full chapter on the form of iron and the processes of 
manufacture, amply illustrated. The Bessemer process is ap- 
parently not referred to; in fact, Mr. Humber does not dwell so 
much upon the production of the different forms of iron as upon 
their manufacture, into which he goes very minutely. As in- 
stances of methods of manufacture that may still be called recent, 
we extract the following :— 


** We may here mention another special form of iron manufactured by 
Mesers. Howard and Ravenhill, of the King and Queen Ironworks, 
Rotherithe. It is necessary in the formation of links for suspension 
chains to make the heads of every link of such dimensions that they may 
be equally strong with the other parte of the bar, after the hole is bored for 
the insertion of the connecting pin. This was formerly accomplished by 
forming the links of round bars, the ends of which were bent round so as 
to form eyes which were completed by welding, but such welded joints 
are by no means to be compared with eyes that are formed in the rolling 
of the bar, and which is now accomplished by a method patented by the 
above firm. The principle upon which this process depends may be thus 
briefly deacribed. Let AB and CD, Fig. 86, represent two strong rollers 
varying in diameter as shown; let a heated bar of iron, whose width is 
equal to that of the required link, be now between the cylinders 
in such a manner that its length is parallel to the axes of the rolls; then 


it is evident that the ends of the heated bar will be spread out, while the 
Fio. 86. 


centre remains unaltered; the bar is to be repeatedly passed between 
the rolls, which are brought nearer to each other before every passage, 
until the ends of the bar are reduced to the thickness of the heads of the 
required link, when the bar will present the appearance shown at e f; it 
may now be reheated and passed through a pair of roller bars, in order 
to reduce the central part of the bar to its required thickness and to ex- 
tend the link to the proper length; it will then appear as shown at g h, 
having the extremities of the same thickness as the central part, but of 
greater width. By this mode of construction we have the same sectional 
area of head of the link after the hole for the connecting pin has been 
bored, as exists at the central part of the bar. 
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Another very great improvement in bridge construction consists in 
the invention of wroughtiron buckled roadway plates. The buckled 
plates, as commonly manufactured by the licensed makers, consist of 


square plates of wrought iron, very thin and Fig. 87. 
slightly arched, with a very small rise, or curva- 

ture, from the springing at the edge of the plates mu RT 
in all directions to the centre, as shown at Fig. 

87. Each plate is therefore a very thin and flat 

polygonal dome, or groined arch, the thrusts of > 

an imposed load on which, in the direction of any 

two opposite sides, are borne by the tensile re / 


sistance of the outer portions of the adjacent 
sides of the plate. The flat in circumscrib- 
ing the plate is called the fillet. The resistance 
of square buckled plates, varies directly as 
the thickness of the plate, and inversely as the square of the line 
of bearing or distance between the supports. A buckled plate bolted or 
riveted down all round the sides gives double the resistance of the same 
plate merely supported all round, and if two opposite sides be wholly un- 
supported its resistance is reduced in the ratio of eight to five. Within 
the limits of safe load the resistance is nearly tho same, whether the load 
be equally diffused or collected nearthe crown. The stiffness at any point 
of the plate aa against unequal loading varies as the square of the thick- 
ness of the plate, and inversely as the curvature. The curvature (unless 
for some special purpose) should never exceed that which will just prevent 
the crippling load from bringing the plate down flat by compression of the 
material; less than two inches for the versed sine of the curvature has 
been found sufficient for a buckled plate four feet square and one-quarter 
of an inch thick. 

The following remarks will give some idea of the actual resistance of 
buckled plates :—A three-foot square buckled plate of ordinary Stafford- 
shire iron, one quarter of an inch thick, with a fillet two inches wide, and 
the total curvature amounting to one and three-quarter inches, supported 
only all round, requires nine tons weight, diffused over about half the 
surface at the crown, to produce failure, and double this, or eighteen tons, 
to cripple it if it be firmly bolted or riveted down all round it» edge. 
A similar plate of soft puddled.steel will bear nearly double the weight, 
or thirty-five tons per square yard. The buckled plates used in the con- 
struction of New Westminster Bridge, each averaging seven feet by three 
feet, and being a quarter of an inch thick, were proved by lowering upon 
the crown of each a block of granite weighing seventeen tons, which did 
not produce injury; the plates have a curvature of three and a-half inches. 
In bridge-fluoring the plates should only be subjected to one-sixth of the 
crippling load." : 

The practical section of the work concludes with a chapter on 
iron piers and foundations, in which we observe an account of 
Heinke's diviug dress, and descriptions of the various methods of 
sinking cylinder foundations. These are, the open cylinder pro- 
cess, which may now be seen in progress at the Charing Cross 
Bridge, Potts’s vacuum, and Hughes’s air-pressure process, by 
which the excavators are enabled to work in the cylinder as in 
a diving bell. Screw piles are also noticed, and Mr. Brunlees' 
hydraulic method of sinking disk piles in sand is fully described. 

The third section of the text consists of deacriptions of the 
bridges illustrated in the volume of plates, and these descriptions 
and illustrations form, in our judgment, the most important and 
valuable, as they undoubtedly are the most attractive, portion of 
the work. The large scale of the engravings, and their full 
detail, render them especially instructive to the student or young 
engineer, and interesting to all. Those also who are desirous 
of reading specifications will find ample opportunity atforded 
them of doing so. 

As a whole, the work is a very desirable addition to an en- 
gineer’s library. We should be glad to see it in a second edition, 
because (as might perhaps be expected in so large a treatise) it 
seems in some respects not incapable of improvement, while there 
are parts that certainly require revision. Where original geo- 
lnetrical reasoning is essayed, the results (as pointed out in our 
former notice) are in some instances far from satisfactory. But, 
generally speaking, Mr. Humber's treatise does great credit as 
well to the industry of the compiler as to the competence of the 
writer. 


The British Almanack for 1862, and Companion. London: 
Knight and Co. 

Mr. Knight's * Companion” to last vear's almanack, issued as 
au appendix to that just. published forthe preaent year, presents, 
as usual, a large amount of well digested matter on current topics. 
Thus thegreat national statistical event of 1561—the “ Census "— 
is analysed at considerable length, and proves a very readable 
contribution, while that which promises (notwithstanding the 
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Royal bereavement which the nation now so deeply deplores) to 
be the leading fact of 1562—the International Exbibition—is dis- 
cussed in its several bearings apos art, manufactures, and com- 
merce generally. Tbe “Cotton Supply” too, present and prospec- 
tive, an absorbing question in the existing crisis, receives its due 
share of attention, nor is the subject of “ Popular Education” over- 
looked. In a second part we have as heretofore abstracts of im- 
portant publie acts recently passed, of which nearly med are 
given; these include the Smoke Nuisance (Scotland) Amendment 
Act (June 7, 1861); the Commons Inclosure (July 22, 1861); 
Harbours (Aug. 1); Copyright of Designs (Aug. 6); and the 
Drainage of Land (Aug. 6) The “Abstracts of Parliamentary 
Documents" include fiuance, currency, trade, poor laws, colonial 
Btatistics, &c., to which are added a summary of the proceedings 
in parliament, a chronicle of occurrences during the past year, 
and other miscellaneous information, forming altogether an inte- 
resting and useful compendium for reference, 

One constituent feature of the book is its annual architectural 
record of important public buildings completed and in progress, 
as illustrative of the atate of art, progressive or otherwise, in the 
United Kingdom. First in this list is the New Foreign Office, 
and Mr. Scott’s Italian design, which Lord Palmerston designates 
as one which, “although it may not be very magnificent or 
splendid, will be handsome enongh for the purpose,” and now 
immediately to be proceeded with, tha houses which occupy a 
portion of the site being in course of removal. 

“The alterations in the National Gallery, described at length in the 
‘Companion’ of last year have been completed, and fully justify all that 
waa there anticipated. The new room is of good proportions, though 
hardly wide enough to display properly pictures of the largest size. 
Without being as bald in appearance as the old rooms, it is quiet and 
chaste in the style of its ornamentation, As filled with the magnificent 
collection of the finest of our Italian pictures, the room has a most 
impressive sppearance; but apart from the pictures, it must be pro- 
nounced successful. Further alterations and additions tothe National Gal- 
lery have been rendered inevitable by the removal of the Turner pictures 
from the South Kensington Museum. By the terms of Turner's will his 
oil paintings were to be placed, within a certain time now nearly expired, 
in à room or rooms to be added to the National Gallery and called the 
Turner Gallery. Instead of this, rooms were, about three years ago, 
built for their reception at South Kensington. The legality of this pro- 

ing having been questioned, & committee was last session appointed 

by the House of Lords to consider the whole matter. They met, received 
evidence, and reported that what had been done waa wrong: that the pic- 
tures ought to be removed, and ‘forthwith deposited and properly hung 
in one of the rooms of the present National Gallery, according to the plan 
which Mr. Wornum, the keeper, has stated in his evidence that he is 
prepared to carry out. But as this is merely a temporary expedient, 
they recommend that steps should be immediately taken for erecting & 
permanent Turner Gallery, according to the plans of Mr. Pennethorne. 
The Turner Gallery of Mr. Pennethorne is only part of a larger design 
submitted by that gentleman, by which he proposes to increase the area 
of the present National Gallery from 20,000 square feet (which includes 
the Royal Academy) to 50,000 square feet, and thus afford ample space, 
not merely for the pictures at present possessed by the nation, but for the 
additions likely to be obtained for many years tocome. For this exten- 
sion, Mr. Pennethorne proposes to remove about half of the workhouse st 
the back of the Gallery, and to erect, partly over the adjacent barrack- 
ph a suite of rooms, in sucha manner that the ground-floor of it shall 
built upon columns, so that it shall serve as a colonnade for the soldiers. 
The cost would be about 100,0007., and it could be completed in about 
two years. Mr. Pennethorne proposes, however, to begin with the Tur- 
ner Gallery, which would be about 136 feet long, would cost 25,0001., and 
could be completed in nine months. The Goverment are understood to 
approve of this proposition, and application will probably be made next 
session to Parliament for the funds necessary to carry it into execution. 
The new buildings, being at the back of the National Gallery, and away 
from any leading thoroughfare, would not be of an ornamental character.” 

The International Exhibition comes in for a due share of recapi- 
tulation, and we are glad to endorse, as we believe the professsion 
will generally, the opinion that “in its present unfinished state, and, 
it must be confessed, also in the official drawings, the exterior bears 
a sufficiently unpromising aspect.” But it must be remembered 
that it is desired, if it be retained asa permanent structure, to 
adorn the brickwork with polychromatic and terra-cotta ornamen- 
tation, which with its great mass may render it an imposing, if 
not a very magnificent structure. The great blots in the desiga 
are undoubtedly the two cupolas, which, placed at the extremities 
of so long and p espe low a building, must hav4 a ten- 
dency to overweigh and crush the centre; had the grand ‘central 
dome been retained as originally proposed, the result might have 
been very ditferent. Should the building be retained permanently 
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it may be hoped that at some futare time this great central fea- 
ture will be added. 

Among other publie works to which reference is made may be 
mentioned the Westminster Crimean Memorial in the Broad 
Sanctuary, and the sculptural memorials of Wellington, Nelson, 
Havelock, Sir C. Barry, and Lord Herbert of Lea. 

Several new churches, bave been completed during the year, in 
London and its vicinity, the most remarkable in most respects 
being that in Garden-street, Westminster, by Mr. Street, which is 
thus commented on ;— 


"A marked feature of the exterior is the square detached tower which, 
like the body of the church, is of red and black brick with bands of stone. 
This, though Northern Gothic in detail, at once reminds us of the brick 
campaniles of Italy. Like them it has large and richly-ormamentd bel- 
fry windows (the somewhat stilted arches and trefoil cusps of which are 
decidedly Italian in feeling), and is finished with an elaborate cornide. 
Mr. Street has, in the upper part of this campanile, introduced in the 
centre of medallions, for the first time as far as we recollect, the 
small balls of coloured marble or granite which so frequently occur in 
Italian buildings, and in bright sunshine give such sharp sparkling points 
of light and shadow. The somewhat dumpy slate-covered spire, with the 
ugly little epirelets at the angles, is not only a very un-Italian (which 
would be no blemish), but a very awkward and inharmonious termination 
to what is else a very noble tower. The tower itself might, however, have 
been carried up as high as the top of the spire, and then crowned with some 
equally tall but less harsh and heavy terminal. The church, which stands 
in a dirty narrow street, and is surrounded by mean houses, would thus 
have made ita presence known, whereas now it is scarcely seen from any 
part of the neighbourhood. The entrance to the church is through the 
tower, and this is connected with the north aisle by a short arcade or 
porch. Throughout the work is executed with the greatest care. The 
constructive colour and the ornamental are very vivid—too vivid, we 
think—but they harmonise well together, and are extremely effective. 
Mr. Street has, in this church, turned his studies among the medieval 
brick buildings of the north of Italy to good account, without losing his own 
originality, or descending to direct imitation. He has produced at once 
an artistic and a conscientious work. Curious, perhaps, as a poor man’s 
church, curious as a building constructed for the plain and soletnn service 
of the Church of England; but undoubtedly, accepting the theory on 
which it is designed, as a building one of the most satisfactory and least 
commonplace, as well as suggestive, of the churches which have been 
erected in London for many years." 

With the Westminster church is almost naturally associated 
that by Mr. Butterfield, now nearly completed in Baldwin's-gar- 
dens, Gray's-inn-lane. On the interior much praise is deservedly 
beatowed, but the effect of the exterior is described as “far from 
good,”"—-a decision with which we cannot agree. There is, to our 
mind, a simplicity, boldness, and dignity rarely to be found in mo- 
dern buildings; nor do we object to the “ordiuary” colour of the 
bricks of which the walls are mainly constructed. The interior, even 
in its untinished state, is very fine. From its great length and width 
and unusual height, and the great span and height of the nave 
and chancel arches, it produces an impression of largeness of 
style and dignity, which nothing in the ornamentation has thus 
far had a tendency to lessen. The ornamentation is very elabo- 
tate. No expense is being spared in any part, the construction 
is throughout most solid, and for the decorations the choicest slabs 
of alabaster and Derby and Devon marbles have been selected. 
As in Mr. Butterfield’s church in Margaret-street, there is no 
east window; the upper part of the east wall being panelled for 
the reception of frescoes, the lower being plated with alabaster, 
inlaid with patterns iu black and coloured marbles. 

Mr. R. Braudon's charches in Windmill-street and Knights- 
bridge elicit a modified commendation, in which we concur, for 
while they give evidence of considerable study and ingenuity, 
much of true Gothic feeling appears, nevertheless, to be wanting. 


" Church restoration is epidemic. Wherever reparation has become 
necessary, what is called restoration is deemed a necessity also; and very 
often the restorer (or destroyer) is set to work where no repairs are re- 
quired. We have been complained of for insisting on what is after all, 
it is said, a mere matter of taste, But it is really a good deal more. 
Besides the artistic error of replacing old work that has suffered from 
“the gnawing tooth of time” by new, and of removing the exquisite 
natural polychromy of centuries by the journeywork of scraping and chis- 

, & constant object now in restoration is to sweep away whatever 
has been added aince the Reformation, in order to restorc the church to 
its original condition. The result is to destroy the historical character of 
the building, aa that of the absurd cleansing and renovating process is to 
destroy its associations. By the double process we have a spruce new 
church, such as the architect of to«lay might turn out to order in any 
quantity, instead of a building venerable in its time-worn garb, which the 
moet instructed and the most ignorant alike gaze on with admiration and 
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awd. This destructive restoration is commonly carried on most vigor- 
ously in our parish churches, the scene of the blundering, but lesa perma- 
nently injurious, church-wardens' 'beautifyinga' in ,the days of our 
fathers and grandfathers. But its operations have by no means been 
confined to them. A month or two back we were horrified on visiting 
Lincoln Cathedral, in some respecta the noblest of our medieval remains, 
to see that its exterior is actually under a course of scaping and chiseling; 
and it is reported that a similar process has been carried farther at Win- 
chester. As however, these proceedings, which appear not to be con- 
ducted under architectural supervision, have been strongly protested 
against by our leading architects and architectural associations, we may 
hope that they will not be persisted in. 

Restorations of a more legitimate character, however, are going 
on in the cathedrals of Hereford, Lichfield, Durham, Llandaff, 
Worcester, and elsewhere, while improvements at Ripon and St. 
David's are in contemplation. What has been done at Bristol is 
not, we hear, altogether satisfactory. Chichester is about to rise, 
pheenix-like, from its ruins, and on its former mode!,—an extreme 
case of architectural restoration, if the word may be allowed. 

“ Hotel architecture,” now so prominent a feature in our leading 
streets, and at our railway stations, is amply discussed, and an 
excellent engraving is given of the largest, and perhaps the most 
noteworthy, viz, the Grosvenor Hotel, Pimlico. Allusion is 
made to others at London-bridge, Piccadilly, and in various parts 
of the country. 

On the whole, this lengthy article is well compiled and illus- 
trated; and, in spite of a few errors which a professional eye will 
readily detect, may be accepted as an honest and impartial expo- 
nent of the subject on which it treats. 


The Cathedrals of the United Kingdom; and The Minsters and 
Abbey Ruins of the United Kingdom, By Mackrwzis E. C. 
Warcorr, M.A. London: Stanford, Charing-cross. 

The information placed now-a-days within reach of the touriat 
and other readers interested in our topographical history and 
antiquities, through the medium of guide books and similar pub- 
lications, is something approaching to the illimitable. To the 
stores of this kind Mr. Walcott is a large and industrious contri- 
butor. If he were the producer of no other than the two works 
before us, they alone would entitle him to the fullest ackuow- 
ledgement in this respect. It is to be regretted however, that, 
wriling hurriedly from excess of work, he is not, occasionally, 
quite so correct an authority on some matters as might be desired, 
or as upon most he must be allowed generally to be. This is par- 
ticularly apparent in the case of the first work we have named. 
Inaccuracies have here crept in, which doubtless owe their origin 
in a principal degree to a hasty throwing together of the matter 
collected aud referred to. This especially applies to the heraldic de- 
scriptions. There are discrepancies and a confusion here in several 
instances, It is not always clear whether Mr. Walcott intends to 
give the arms as those of the deanery or the see, neither are they 
always in either case correctly blazoned. For instance, the arms 

iven by Mr. Walcot to Bangor Cathedral are those appropriated 

y Berry and Edmonson, and also to the deanery; while shose given 
by him to Bristol are the arms of the see, according to the same 
authority. For Canterbury, Mr. Walcott gives also the arms of 
the deanery, which are the same as the ancient priory, though it 
would appear as if he meant to describe those of the archiepiscopal 
see, since in noticing those of the archbishopric of Armagh, he 
says “arms the same as Canterbury.” As respects York it would 
seem, though he differs in the blazon from Edmonson, that he in- 
tends again those of the deanery, for Willement gives as the arms 
of the preseut see, Gules, two keys in saltier, and a royal crown 
in chief, Or; the old archiepiscopal arms being the same as Can- 
terbury and anciently of the other arehbishoprics. For Chester the 
arns of the see are, on the contrary, apparently introduced—for 

Berry says there are no arnis for the deanery, though iucorrectly 

given according to Edmonson and Heylyn, who both give, Gules, 

three mitres labelled, Or; instead of Azure, three mitres, Argent. 

For Gloucester, the arms given do not appear to be either those of 

the see or the deanery, since for the former Heylyn gives, Azure, 

two keys in saltier patée fitchée, and Berry for the latter, Azure, 
on a fess, Or, three crosses of the first on a quarter of the 
second, the sun appearing in chief, environed with a demicircle 
wavy, Gules; on each side of the quarter a demi fleur-di-lis, con- 
joiued to the side of the first, nnd as will be here seen a wholly 
ditferent bearing. For Hereford, Or, five chevronels Azure, are 
given both by Berry and Edmonson as the arme of the deanery 
and the former, with Heylyn, gives for the see, Gules, three leopards! 
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heads reversed swallowing as many fleurs-de-lis, Or, both differing 
altogether from Mr. Walcott. Again, for Worcester, Mr. Walcott 
gives, Argent, ten torteauxes, 3.3.2. and 1; on a canton, Azure, the 
Blessed Virgin and Holy Child, sceptred and mitred, Or. In this, 
as will be seen, the disposed numbers only make nine. For the 
deanery, which appears to be intended from the canton and 
charge thereon, the number should be twelve torteauxes, 3.3.3.2 
and 1, and for the see, Argent, ten torteauxes 4.3.2.and1. There 
are numerous other disagreements and parallel errors to this 
which it would have been better should have been avoided—and 
for the general reader it would certainly have been far more con- 
venient that the plan which appears to have been adopted in the 
case of the Irish cathedrals, of giving the arms of the sees, 
should have been followed throughout, or at all events, that 
where this was departed from and those of the deanery intended, 
such should have been made clear. Want of space compels us to 
defer our concluding remarks on this, and notice of the second- 
named work, till next month. 


en 


TROTMAN'S STEERING GEAR. : 

Tue serious disadvantage attendant on steering by manual 
labour, even with the most perfect mechanical aids, is fully ex- 
hibited in vessels of large size, which has led to the suggestion of 
the application of steam to this purpose. Our improved naval 
tactics demand a more improved system of steering. A vessel 
ahould possess the power to steam backwards at the same rate, and 
with the same facility, as forwards; but that it is not so under 
the ordinary system of steering may be seen on our own small 
river boats, a second hand at the wheel being always required 
when any rapid movement is made astern involving a deviation 


from the straight course. 
Fio. 1. 


L— Friction Roller. 

M-— Inlet to Steam Chest from 
Boiler. 

N— Exhaust to Steam Cylinder. 

O—Slide-valve to ditto. 


A— Steam Cylinder. 
B— Piston. 

C— Connecting Rod. 
D— Hydraulic Cylinder. 
E—Piston. 


F—Connecting Rod. P— Valve Gear. 
GG—Cross-head. ~ Q— Cog-wheel turned by the Steer- 
HHA—Spring-break set in Cross ing-wheel. 


R—Double-seated Break-valve to 
Hydraulic Cylinder. 
S— Valve Gear to ditto. 


head. 
I—Lever attached to Ruddcr-shaft. 
K—Rudder-shaft. 
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In storms, the case of men being thrown overboard, and the 
helm becoming unmanageable for want of due power to control 
it, is not of uncommon occurrence. The duties of the steeraman, 
particularly in large ships, should be more analogous to those of 
the engineer, in not having to perform manual labour, but to 
direct the vessel in her course. 

The inventor had the benefit of the experience of the late 
Capt. Harrison, of the Great Eastern steamship, and of Mr. 


Fig. 3. 


Fre. 2. 
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McLennan, her chief engineer, in ascertaining the requirements 
of the case, and the objections generally to machinery as an auxili- 
ary in the hands of the steersman. The following are some of 
the requirements, and the mode in which they have been sup- 
plied, as stated hy the inventor:— 

Ist, A storm-wave striking the rudder while held by rigid 
machinery would inevitably carry it away. This danger is pro- 
vided against by the spring eq HH, Fig. 1. 

2nd. It is necessary that the steersman should deliver the rud- 
der overto its own free action at proper intervals. This is 
secured by the arrangement proposed, as when the valves are by 
the will of the pilot placed as in Fig. 1, the rudder is perfectly 
free to follow in the wake of the vessel. 

3rd. The wheel has so long been the instrument in the hands 
of the pilot, that any system of levers (however effectual in regu- 
lating or controlling a power) would be rejected by pilota gene- 
rally. This invention constitutes the wheel an integral part of 
the apparatus; so that the effect at present produced by manual 
labour can be secured by exactly the same movement on the part 
of the helmsman, with the absence of the labour now required. 

4th. In steering a vessel (the steam not being up) the arrange- 
ment of this apparatus is such, that the ordinary system of hand- 
steering can be made available instantly by ungearing the steam 
apparatus and gearing the other. 

The Spring Break.—The rudder-shaft is shown in transverse 
section at K, and has attached to it, at right-angles, the lever L 
The rudder-shaft passes through and freely works iu the cross- 
head GG;but is kept in a proper position by two powerful springs 
HH (fixed to the cross-head GG) acting on the lever I. In wliat- 
ever direction, therefore, the cross-head moves, the rudder-shaft 
must move with it, on account of the lever I being retained be- 
tween the two springs. The exceptional case, however, occurs 
when the cross-head is held rigidly by the cylinder, and the rud- 
der is acted on by some undue force. Under such circumstances, 
the cross head remaining stationary, the springs yield to the lever 
I, and all return to their original position, when the undue pres- 
sure is removed. 

The Steam Cylinder.—The steam from the vessel’s boilers is 
the power employed to give motion to the rudder. The steam is 
admitted somewhat in the same manner as in the ordinary steam- 
cylinder, being introduced to the top or bottom, or entirely ex- 


-cluded at will, by means of a peculiar arrangement of the slide or 


D valve. 
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The Hydraulic Break—This break consists of a cylinder and 
iston, supplied with a valve which opens or closes the thorough- 
from the top to the bottom of the cylinder. This cylinder 
being filled with water, the piston is only movable at the speed 
and to the extent permitted by the aperture made by opening the 
valve, allowing the water to circulate from top to bottom of the 
cylinder, or vice versá, It will thus be seen that tbe two cylin- 
ders, being coupled by the cross-head, act one upon tbe other— 
the one finding the power, and the other regulating it. The posi- 
tions of the valves in Figs. 1, 2, and 3, show the following course 
of action. Fig.1: break valve open, steam shut off from boiler, 
rudder free. . 2 shows the second position of the valves: the 
break valve is P ie preparatory to the admission of the steam; 
and the still further movement of the valves shown in Fig. 3 
admits the steam and opens the break valve to such distance as 
may be required; the reversion of the wheel at once shuts off the 
steam, closes the break, and frees the rudder, as in Fig. 1. The 
movement of the wheel in the opposite direction gives the re- 
verse action to the machinery, aa also to the ru ider. 
The inventor is Mr. Sanders Trotman, of Albert-atreet, Cam- 
den-town, London. 


—— —Z"üÓ£2——— 


THE NEW STATION AT DOVER FOR THE LONDON, 
CHATHAM, AND DOVER RAILWAY. 


(With an Engraving.) 


Tug accompanying perspective view represents the New 
Station at Dover, now erecting for the London, Chatham, and 
Dover Railway unes whose engineer, Mr. Joseph Cubitt, 
has availed himself of the architectural assistance and patented 
mode of construction of Mr. John Taylor, jun., architect, of Par- 
liament-etreet, London; Mr. T. R. Crampton being the contractor. 
The general effect is that of great breadth and solidity; the 
Patent Facing Blocks being 14 inches by 6 inches, of a white 
brick or terra-cotta material, forming what may not inaptly be 
termed brick masonry. Colour is introduced by horizontal yel- 
Jow bands and moulded brown stoneware drip bands, producing 
a novel and quaint effect, and affording, as may be seen by the 
di a most important protection. But it isthe constructive 
and weather-resisting qualities which appear especially worthy of 
attention. It is well known that damp brick walls are caused by 
reason of the through mortar joints, and the absorbent nature of 
the bricks; but here we find, as will be seen in the diagrams given, 
the through joints intercepted. A complete change of material 
between the exterior and interior of the wall, and a continuous 
cavity or dry area immediately behind the external surface, ren- 
dering the wall warm in winter, and cool in summer. In good 
brickwork of the ordinary construction, great attention is paid to 
horizontal bond, but vertical bond seems scarcely to be thought 
of, and therefore we find walls strong enough for the required 
beste but not stiff enough, hence the necessity for increased 
thickness. It will be seen that the courses of brick that bear 
upon the flange of the facing block cause it to act as a piece of 
angle-iron to the course of bricks above. The bond is alternate 
header and stretcher, or old English, and in combination with the 
dry area, produces the stiffest and lightest walls of the minimum 
thickness, giving economy in material and decreased requirements 
in the necessary foundations. The construction being thus far 
impervious to external damp, it only remains to prevent it rising 
up the walls by capillary attraction. This is done by the brown 
stone-ware damp-proof course, which combines in itself the 
advantages effected by the three following materials, viz., a three 
inch York slab to bed the foundations; a course of asphalte or 
alates in cement to suppress the damp; continuous gratings for 
the admission of air beneath the ground floor. A reference to the 
diagrams will show that it has perforations not only in itself, but 
throogh its joints, thus effectually cutting off all communication 
with the damp below. So complete is this, that a person standing 
on one side of the building and looking through the perforations 
may everywhere see what is passing on the other side. It has 
been proved to bear uninjured a weightof six hundred feet of 
vertical brickwork. On a future occasion we propose to give 
further illustrations of these important improvements in con- 
struction, as now extensively applied with good results, in the 
erection of churches, villas, and lboan cottages. 
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NOTHS OF THE MONTH. 


Modelling Class at the Architectural Association.—In the course 
of last year'ssession of the Architectural Association, some of the 
members formed themselves into a class for the study and prao- 
tice of architectural modelling, as we informed our readers at the 
time. This class has lately recommenced its meetings, with 
greatly improved prospects, and now assembles at the rooms of 
the Architectural Association, 9, Conduit-street, Regent-street, 
every Friday evening. The object is an admirable one, and has 
received the warm support of various friends of the association 
and of architecture; and a very large number of the members, 
including almost all the office bearers and members of the com- 
mittee, have joined the class. Mr. A. W. Blomfield, M.A., 

resident of the society, has been appointed president; and Mr. 

oss is the instructor. This class offers an admirable opportunity 
for members of the architectural profession to acquire a know- 
ledge of a very useful part of their calling, and one that is but 
seldom followed. 

The Proposed New Bridge at Blackfriars.—The report made 
to the court of common council from the Bridge House Estates 
Committee, relative to the construction of a new bridge at Black- 
friars, was printed on the 28th ult, forthe uee of the members of 
the common council. The bridge selected is the design of Mr. 
Page, and for grandeur of style and beauty will be worthy of the 

t city whose stream it is to span; the simplicity of its design 
is only equalled by its massive proportions. Provision is promised 
to be made for the traffic during the building operations, which 
are to be completed in two and a half years from the commence- 
ment, without even the erection of a temporary bridge, as has been 
the case at Westminster. The appendix to the report contains 
copies of the observations made by the engineers who have sent 
in designs, affording a amount of useful and valuable infor- 
mation on the subject. We have already given in this Journal a 
detailed description of Mr. Page's design. 


The Cathedral of St. Stephen, re Dur the repairs and 
restoration of the cathedral of St. Stephen, at Vienna, important 
tracings of gilding and fresco painting have been found on the 
vaulting of the nave and choir; with which the entire building was 
once covered in the interior; but subsequently daubed over by a 
coating of grey wash. The three large windows which the muni- 
cipality furnish will be ready immediately. 

Sydney Houses of Parliament Competition, —T wenty-one desigus 
were tendered in this competitiom, as our readers have already 
been informed. The commissioners appointed to decide on the 
awards selected six designs as being the most eligible, and directed 
the colonial architect to report upon the plans, Since he did so 
the commissioners have had one meeting; and the next mail for 
England will probably bring the names of the successful com- 
petitors. The following are the mottoes of the six designs 
selected as the most eligible:—'* Palladio," “Hora e Sempre,” 
“T bide,” “ Fide et Virtute, “ Followerof Wren,” and “Sic fortis 
Etruri crevit.” 

The Cathedral of Worms.—The committee for the restoration 
of the cathedral at Worms have, according to their published 
accounts, spent, in the preceding twelve months, 12,964 guilden; 
and have, with this sum, entirely repaired the eastern cupola, 
which was much dilapidated. The interior of the middle nave 
has had its roof well underpinned, and the entire roof has been 
gone over, and wherever needed put into substantial repair. 


New Iron Bridge, at Northenden, Cheshire.—The ferry-boat in 
use on the Mersey at Northenden is now superseded by a lattice 
irder foot-bridge, erected at the expense of Mr. Tatton, of 
ithenshaw Hall. This structure consists of two wrought-iron 
lattice girders spanning the river, which is 83 feet wide at this 
point. The girders are of ornamental design, 88 feet long, 6 feet 
deep in the centre, and 2 ft. 6 in. at the ends, and are placed 6 feet 
apart: the footway being composed of cross timbers and planking. 
Each end of the bridge is supported by a cluster of four pile 
columns, 8 inches diameter, driven 15 feet into the earth. The 
upper parts of the girders are connected in two places by cast- 
iron arches. At one of these arches there is an iron lattice gate. 
The footpath is carried from the ends of the girders to the top of 
the banks by iron beama and planks, and there are ornamental 
iron railings at the sides. The whole has been designed, con- 
structed, and erected by Messrs. Edward T. Bellhouse & Co., of 
Manchester. 
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CLASSIFIED LIST OF PATENTS SEALED IN DEC. 1801 


During the year 1862 a classified analysis will be given in this Journal 
of the Patents provisionally specified and sealed under the authority of 
H. M. Commissioners of Patents.” 


1388 Arbuckle, G, V. B.—Armour coating for ships, fortifications, &c—June 8, 1861 
1408 Braam, J. A. V.—Ordnance, nud barrels of fire-arma—June 4 
Manceaux, F, J.—Breech-loading arms and projectiles—J une 5 
1541 Page, T.—Working aud discharging ordnauce under water—June 15 
1873 Bourne, J. F.— Construction and equipment of battories—July 26 
1452 Lancaster, C. W.—Sheathing for vessela—June 7 
1621 Clark, W.— Propelling vessels—June 25 
1811 Johnson, J. H.—Capstans and windlasses (com.)—July 18 
1557 Walker, R.—Propelling vessels— June 18 : 
1614 Moor, R.—Constructing and propelling veasels—June 24 


1442 Harlow, R.—Fire-bridges and tubes of ateam boilers—June T 

1453 O'Hanlon, P.— Marine and land ateam boilers—June 8 

1472 Armstrong, R.— Marine steam bollers—June 10 

2654 Johnaon, J. H.— Preventing encrustation of boilers (com.)—October 28 


1450 Leopard, W.—Railway brakes—June T 

2571 Dixon, J., and Clayton, R. Railway wheels October 16 
1465 Rymer, J.—Perinanent way of railwaya—June 8 

1579 Bousfleld, G. T.—Brakes for railway cars—June 19 

1757 Adams, W. B.—Locomotives and trains—July 12 

1657 Laue, M.— Permanent way of railways—June 28 


1399 Thomas, D. W.—Centrifuga) machines (com.)—June 4 

1499 Walker, W. H.—Flosting hydraulic lift—June 12 

1683 Mennons, M. A. F.—Caloric engines (com.;—June 26 

1555 Miller, J. — Rotary engines—June 18 

1648 McNaught, W.—Frames for diagonal steam engines—June 27 
1693 Spencer, J. F.—Steam engines—July 8 


1601 Hobsou, W.—Steam hammer—June 21 
1602 Hobson, W.—Steam pistons—June 21 


1584 Kennard, H. J.—Excavating sand and gravel under water—June 15 
1665 Clark, W.—Excavatlng machinery (com.)—J une 29 

1488 Stevens, C.—Crnahing and pulverizing machine (com.)—June 11 
1625 Stevens, C.—Brick-making machine (com.)—June 25 


1402 Hancock, J. L.—Agricultural Implements, &c.; and 
Hancock, F. L.—Condensing engines—June 4 
1409 Williams, J. A.—Steam agricultural implements—June 4 
1521 Gregory, F.—Hay and chaff-cutting machines—June 13 
1526 Bayliss, W .—Chain harrows—June 18 
1523 Wediake, T. W. —Hay-making machines—June 14 
1867 Bragg, J.—Reaping and mowing machines. —June 29 
1538 Leach, G.— Agricultural implements aud steam-boilers—June 14 
2617 Cambridge, W. C.—arrows—October 19 
1785 Priest, A., and Woolnongh, W.— Machinery for drilling and hoeing—Jaly 9 
1628 Fowler, J., jun.—Steam-ploughing machines—Juue 25 
1859 Gedge, W. E.—Drying and aston grain ‘com, )—Juue 20 
1562 Gibsou, A. W.—Darley and rice mnills—June 18 


1397 Prince, A.— Manufacture of gas ‘com.:—June 4 

9504 Evans, F. J.—Generatiug gaa—October T 

1659 Livesey, W.—Wet gas meters.—June 29 

1453 Clarke, J, F.—Apparatua for regulating the supply of fluids—June 7 
1782 Machwitz, ——.—,’aps, or stop-cocks—July 13 

1528 Summerscales, J.—Gas siogeing apparatus—June 14 

1581 Harris, W. J—D-y gas metres (com.)—J une 19 


1640 Cowan, J.—Rebnrning animal charcoal—June 26 

1648 Smart, J. C., and Aitchison, A.—Mauufactare of charconl—June 27 
1636 Clark, W.—Diatillation of combust ble matters (com.)—June 29 
2202 Bodmar, L. R.—Distilling apparatus (com.)—September 4 


1508 Calland, J. A.- Electrical piles June 12 

1512 Jobson, R.—Supports for telegraph wires—Jane 12 
1800 Brook, Sir W. — insulating telegraph wires -July 17 
1539 Potts, F.—Supports for telegraph wire—June 15 


1398 atta 8., Holden, R., and Holt H. — Apparatus for sizing warps or yarna— 
nne 

2867 Tongue, —.— Dressing fibrous materials—September 21 

1403 Holdaworth, J. H. - Machinery for finishing piece goods- June 4 

1427 Hamilton, T. and Hamiltou J.— Cop tubes —June 

1447 Wood, W.—Improvement in weaviug-looms — June 7 

1677 Paignon, J. P. E., Vandaux, J. M., and Gaguiere, G.—Pattern cards for Jac- 
uard wachine—July 2 

1805 Elliott, A.—Improvements in looms—July 18 

1458 Worrall, J. M —Dressing surfaces of cut pile and looped fabrica —June 8 

1531 Langlade, P.—Tapestry and other weavings -June 14 

1804 Tawell, S. - An addition to selvages of woven fabrics - July 18 

1477 Mason M. - Flyers aod spindles Juve 10 

1520 Illingworth J.—Apparatua for sizing houses, &c.—.Tuno 18 

1495 Smith, R. W.—Manufacturing looped fahrics— June 11 

1505 Mason, H.~ Spinning machinery - June 12 

1522 Cook, S., and Hacking, W. H. - Plaitiug or folding woven fabrlcs —June 13 

1535 Pitfield, R. W. —Self-acting mules - June 15 

1778 Topham, A. J. and J —Mnnufacture of lace—July 15 

1918 Weight J.— Machinery for carding cotton (cum.)—August 2 

1556 Titer, F. — Carding cotton —Juue 18 

1558 Dunn, J.—Spiuning machinery — June 18 

1558 Webb, T., aud Cralg J.— Ditto ditto 

2204 Bayley, J. K.—Spinning muchinery—September 5 

1537 Higgins, J.— Ditto ditto - June 26 

1509 Ormerod, R. — Fancy ribbons— June 22 

1541 Mellowdew, T. — Dyeing velvet and other fabrics— June 17 

1599 Harding T. R. — Carding machines-- June 21 

1515 Ferrabee, J. — Twilliug machine -June 24 


* Arrangements are pendiog by which increased ‘facilities, in connection with the 
managewent of this Jourual, will be afforded to lnvdutors for securing valid Patents, 


/ 
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1852 Ronald, J.— Manufacture of cord, line, and other cordage —May 30 


1507 Watt, J.—Pulping vegetable fibres-June 12 

1822 Henry, M.—Improvements in paper pulp (com.}—July 19 
1604 Le Harivel, A. L.—Papier máché—June 22 

1418 Nickola, D.—Paper cutting machiuery—June 6 

1674 Spence, L. H.— Paper bags aud envelopes (com.)—Jaly 1 
1543 Gray, T.—Ble.ching rags and "bre June 17 

1548 Routledge, T.—Manufacture of paper—June 17 


1420 Coles, H. T.—Locks, bolts, claws, and grapplers—June 6 

1455 Whines, J.—Spring boxes and hinges—June 8 

1672 Potts F., and Cox, R.—Machine for cutting and piercing iron—July ] 
1649 Clark, W.—Mica lettors (com.}—June 17 - 


1421 Salt, J. C. B.—Plates or surfaces for names or devices—July 11 
1610 Napier, J.—Stereotyping—June 12 

1590 Lesueur, A. N.— Panels of ceramic ware—June 20 

1619 Lafon, J.—Chromolith impressions on glass or pottery—June 25 


1624 Blackburn, B.—Lubricating axle-trees—June 18 
1421 Mirimonde, L. J. P.—Lubricating axle-boxes—June 6 
1542 Simpson, H. C.—New vehicle or car—June 17 


1511 Walmsley, D., and Rostron, J.—Hoiste for mills and warehonges—June 12 


1482 Hawdon, M.—Moulds for casting metals—June 10 
1115 Josling, T. T.—Bolte, rivets, and screw blanks—June 18 


* 
1718 Wilaon, T .—Spanners and screw wrenches—July 6 
1407 Standfast, S.— Substitute for brick and stone— June 4 
1884 Amos, C. E. — Machinery for dressing slate—July 2T 
1653 Graham, J. W.—Machinery for shaping and dressing stone—June 28 
1546 Lewis, J. Machinery for catting and boring wood, &c.—June 17 
1828 Duncombe, Hon. C. — Machinery for sawing wood, &c.— June 13 


1714 Roughton, L.— Apparatus for extinguishing fires— July 6 

1545 “hite, D. B. Gauges for indicating depth and height of liquids -June 17 
1670 Dingwall, W.—Fluid meters—July 1 

1618 Howson, R.—Barometera—Juue 24 

1570 Dixon, J.— Water-closets and cocks—June 18 


1645 Hamer, H.—Chimney tops —June 27 

1504 Durrant, J.--Chimney tops—June 12 

1688 Stevens, C.—Smoke-consuming furnaces (com.)—June 20 
1592 Hadgaon, C. — Fuel from peat -- June 20 

1503 Hodgson, C.—Drying peat in the bog - June 20 


1611 McArdle, J. S. — Product from seaweed —June 22 

2526 Schwartz, J.— Manufacture of sugar— October 9 

1448 Croll, A. A.— Manufacture of sulphate of alumina—June T 

2640 Kernott, C. N., and Rucker, M. D.—Manufacture of ammoniacal salte— October 11 

2707 Benuett, F. Manufacture of spelter October 29 

1413 Brown, A.— Obtaining fresh water at sea — June 10 

1871 Johnson, J. H.— Bottling terated liquida (com.}—July 1 

1493 Hughes, E. T. — Extraoting oil from seeds- Jnne 11 

1580 Williams, J. F.— Compounds of india-rubber, gutta percha, and other substancos 
—Juue 19 

2182 Ghislin, F. Q.— Compounds of india-rubber and certain vegetable substances— 

ctober 4 

1600 Henson, W. F.—Floor cloth manufacture— June 21 

2500 Calcott, W, - A rer for scenic effects — October T 

1400 Floyd, W. R.— Fastening or supporting knapsacks or packa— June 4 

1514 Swan, C. - Travelling bag - June 18 

1574 Clark, W..- Umbrellas and parasols (com.) — June 19 

1639 Lion, A.— Fastening for bracelets—June 26 

1818 Dance, E.— Crinoline fastener— June 24 

1489 Stevens, C.— Varnish for leather (com.)—June 11 

1656 Middleton, 8., and Wright J. — Mannfacture of boots and shoes —June 28 

1583 Hannart, L.— Manufacture of gloves—June 20 

2385 Cottrill, J. — Manufacture of needles—September 24 

2251 Johuson, J. H.—Manufacture of cigars (com.)—September 9 

1624 Steveus, C. Noseband for stopping runaway horses (com.)—June 25 

1684 Tussaud, J. R. - Stuffing birds and animals June 26 

1905 Wood, A.—Refrigerating storebouses—July 81 

1608 Comrie, J.— Churns - June 22 

1464 Martin J.-- Ironing stove—June 8 

1480 Langdale, J. — Washing machine. —June 10 

1651 Perry, J.— ashing machine - June 17 

2166 Archer, J. Weighing machines November 4 

1525 Downing, T. W.--Corks and bungs—June 13 

1654 Rouse, H. J.— Hand lanips— June 28 

1661 Dyer, J.—Ornamentation of cabinet furnlture— June 29 

15617 Lawford, H. — Folding-chairs and beds- Juue 20 

1708 Hutson, Se Su Tore inant in bedsteads and furniture—July 5 t 

1600 Danucey, —.— Feeding apparatus for infants and invalids- June 12 

2613 Murchall, J.— acoustic instrumente — October 19 

1833 Cole, J., and Cole, J.—Construction of watches—July 20 - 

1756 Smith, T. J.—Photographic alouma—July 12 

1606 Church, J. — Rest for pinnofortes — Juue 22 

1591 Brooman, R. A.— Mauufacture of pianofortes (com.)— June 20 

2099 Telford, R. -~ Casters for furniture— August 22 

1519 Bing, Z.—Sliding window sashes— June 13 


— —*. ———— 


TO CORRESPONDENTS. 


H. D. D. We know of no piles of any great length driven at an geh dnd 
than 10 or 15 degrees from the perpendicular. A ram sliding down the hypothenuse 
delivers a blow of as much force as the same ram falling through the dicular, 
except the friction ; the friction in lifting the ram perpendicularly ia nothing, while the 
friction of the ram moving up and down the guides on an inclined plane is consider- 
able; one-third the power with the best arrangement would be lost, to "b nothing 
about steadying the pile in a slanting position to receive the blow. If H. D. D. will 
give us the dimensions of the pile, specify the nature of the soil, and say what wa- 
chinery he lutends to employ, we will enter into further particulars. 
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RECTORY PLACE CONGREGATIONAL CHAPEL, 
WOOLWICH. 
(With an Engraving.) 

Tre chapel illustrated in the accompanying engraving has 
lately been erected at Woolwich for the Congregational body, ard 
is another example of recent ecclesiastical structures belonging 
to the Dissenting community which may be compared with the 
churches of the Establishment in architectural importance. The 
front portion of the building is the chapel for public worship, to 
accommodate 830 persons, having three galleries. In the rear 
are the week-evening lecture-room for 230 persons (used also as 
the girls’ school-room), the boys’ school-room for 135, an infants’ 
room for 65, a superintendent's room, a library or gentleman's 
committee-room 20 feet by 13 fe.t, a ladies’ commitiee-room 18 
feet by 13 feet; two vestries, boiler-room, store-room, and other 
necessary accommodation, all separated from the chapel by a 
corridor 6 feet wide: the whole so arranged as to form a most 


complete building. It is designed from the Decorated period, and: 


with its deeply recessed entrance and porches, presents au im- 
posing appearance. The staircases to the galleries commence to 
rise out of these porches. The floor of the chapel is slightly 
raised as it recedes from the pulpit. The form is a parallelogram, 
with transepta 62 feet long in clear, 38 feet wide at the narrow 
part, and 47 feet in the transepta. The roof is semi-open— 
somewhat waggon-headed in form. The materials used are Kent- 
ish Rag in random courses, with Bath stone dressings; the walls 
internally are stuccoed: the whole of the woodwork is stained 
and varnished. The cost of the whole has been about £4000. 
The structure is from the designs, and was carried out under the 
superintendance of Messrs. Lander and Bedells, architects, Great 
James-atreet, London. 


————übÀ—————- 


THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PARIS OPERA HOUSE. 

Tue programme issued for the guidance of competitors in pre- 

i peal for the second competition of the Paris Opera House 
E a document interesting both as an example of the detailed study 
which the requirements of a great public building ought to re- 
ceive, and also as embodying a most perspicuous and complete 
account of all the essentials of a metropolitan theatre. By the 
courtesy of M. César Daly, the editor of the Révue de [ Architec- 
ture et des Travaux Publice, we are enabled to lay before our 
readers a translation of this document. 

PROGRAMME 
For the deaign of a new Opera House, as far as regards the ad- 
ministration and carrying on of the business of the Theatre. 

1. The building intended for the Opera will include two main 
divisions:— 

(1) The House, with all the arrangements for the Emperor, 
and all the accessories appropriated to the public. 

(2) The Theatre, including all relating to the working of the 
stage and machinery, the rooms for the performers, the “ green 
Hed fa ada Ai instruction and aa al, stores and work- 

e library, the strong room, the offices, dwelling apart- 
ments, and generally all pin to the internal management. 
First Division-—Buildings appropriated to the Public. 

2, All the external arrangements must be calculated to facili- 
tate acceas to the Theatre, and prevent those nuisances which too 
frequently defile the basements of great buildings, and, above all, 
the vicinity of theatres. 

3. The architeet must endeavour to discover the most effectual 
means of successfully counteracting the unfortunate habits of the 
public in this respect. We ourselves consider that the only means 
of securing cleanliness, and diffusing at the same time Tite and 
light around the Opera House, which is only open thrice in the 
week, from seven o'clock till midnight, is to surround it with 
galleries occupied for commercial pu the rents of which 
would also furnish a valuable contribution towards the expense of 
vag mein and consequently to the prosperity of the theatre. 

4. Persons und in carriages must be able to alight under 
cover, and sheltered from cold. For this purpose a portico must 
be arranged, the dimensions of which will be so calculated that 
300 carriages may be able, within at most a quarter of an hour, 
to set down their occupants at the door of a vestibule, which 
ought to be closed and warmed in winter. 

5. Foot passengers, who form more than a third of theaudience, 
onght to have the means of comfortably reaching, and as far as 
poesible through covered galleries, this first vestibule, where will 
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be the offices for the sale of tickets and bores, both daring the 
day and at the moment of entering the building. 

6. Such of the audience as have omitted to provide themselves 
with tickets beforehand, ought to awnit, in this vestibule, the 
opening of the doors, without impeding circulation. 

7. It is not absolutely necessary that the whole andience should 
pass one point and under the eye of one inspector. On the con- 
trary, there would be an advantage in multiplying the entrances, 
and possibly in appropriating some of them exclusively to sub- 
scribers. But it must not be forgotten, that it is principally the 
subscribers who come in carriages, and that they occupy almost 
exclusively the boxes of the first two tiers all round the house, 
Hence it follows, that if a private door for subscribers is con- 
trived, it ought to communicate with the most accessible part of 
the portico for carriages, and to lead directly to the grand stair- 
case ; for this staircase, as it ought probably not to be carried 
higher than the second tier, would become really useless if it 
were not appropriated to the subscribers who alone will occupy 
the boxes to which it will give access. 

8. Adjoining the first vestibule ought to be provided :—(1) A 
guard-room for twenty to twenty-five infantry soldiers, with a 
private room for the officers in command. (2) A guard-room for 
ten cavalry soldiers, and a stable for their horses. (3) A station 
for constables (sergens de ville), and au office for police (about ten 

raons). (4) The dwelling of the custodian (concierge). (5) The 

t and cicak room. 

Staircases. 

9. Three main staircases are necessary. (1) The principal stair- 
case, which, for reasons to he subsequently given, ought to go ashigh 
as the second tier of boxes. (2) Two staircases, specially designed 
to accommodate the upper tiers, but capable of affording exits 
from all the stories of the house when the audience is dispersing. 

iO. These staircases must be wide, interrupted by frequent 
landinge; and, according to our judgment, with straight rather 
than curved flights. Well-hole staircases, winding round a square 
space, appear as if they ought to be preferred, as the most favour- 
able to the movements of a numerous and dense crowd. 

11. Other side-staircases will be formed between the boxes and 
the stalls. These staircases of internal communication, so to 
speak, though mainly intended to assist the intercourse of the 
frequentera of the opera between the acts, must at the same time 
aid in facilitating the exit of the audience after the representation, 

12. Lastly, it is important that the staircases, their approaches, 
and the passages which adjoin them, should be so arranged that, 
without barriers and without solid obstructions, the course of 
their movementa should naturally set up between the different 
classes of spectators a separation corresponding with the various 
grades of seats. In this respect the features of the present house, 
though cramped, are felicitously arranged. ° 


VENTILATION OF DWELLINGS AND HOSPITALS. 
(Continued from page 6.) 

Havrixo in our last given some general views as to the condition 
of air in an ordinary dwelling-room of an ordinary house, we 
propose now to present some of the statements, relative to tbe 
same subject, of the Commission appointed to inquire into the 
warming aud ventilation of dwellings. 

The Commissioners instituted a series of experimenta, with a 
view to investigate the condition and the movements of air in 
a room as affected by an open fire. The simple ascent of the ex- 
pired products of respiration to the ceiling by their own heat must 
coincide with a powerful sort of circulation of air caused by 
the fire, and which, though ordinarily imperveptible, can be very 
clearly shown by the simple methods of supsending a very large 
number of light filamente of silk in all parts of the room, or of 
filling the room with smoke or coloured vapour. 

The general result of the experiments instituted by the Com- 
mission upon this subject may le stated to be as follows:— 

‘The result of these experimenta is, that the whole air in a room is jn 
rapid circulation while the fire is lighted. It circulates less rapidly when 
it is extinguished, so long as any one part of the room is warmer than 
another. The experiments do but confirm what seems to follow from the 
admitted facta, that warm air is lighter than cold, and occupies a larger 
space; and they seem to show that an open chimney with a fire lighted 
will serve to remove foul air from dwelling-rooms, without any special 
opening communicating with the chimney from the upper part of the 
room.’ 


The account of the experiments themselves is interesting, and 
& portion of it is subjoined. 
9 
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“ Experimenta made at the Board of Health to ascertain the movements of 


air in a room with a fire lighted in an open fire-place (Arnotts), by 

J. F. CAMPBELL, Esq. 

1. A balloon filled with a light gaa was weighted with pins stuck into 
a pen suspended to it, till it was as nearly as possible of the same specific 
gravity aa the atmosphere in the ord part of the room. It was found 
that the balloon so balanced, when p. oppoeite to and near the fire, 
expanded, ascended, and moved steadily along the ceiling, from the fire- 
place towards one or other of the windows; it there descended to the floor, 
and unless it got anchored to the carpet, it moved towards the fireplace 
and again ascended. It was found that any person moving in the room 
in the neighbourhood of the balanced balloon, any draught from a door or 
window, or any other slight disturbing cause, altered the direction in which 
the balloon moved, though the general course was as described. As the bal- 
loon was moved by the air, it follows that air near the fire, and acted on 
by it, ascends as the balloon ascended. It is continually ascending, and 
as it can neither escape nor accumulate at the ceiling, it must flow from 
the place where it ascends; that is, fron above the fireplace towards the 
windows and walls, where it contracts and becomes heavier, falls by ita 
own weight, and is forced downwards by fresh quantities of heated air 
expanding and following in the same track. In like manner, because air 
cannot accumulate on the floor, the descending currents at the windows, 
and those originating there from the coldness of the glass, must give rise to 
currents moving towards the fireplace near the floor, in the direction 
in which the balloon actually moved; and further, any person in the room 
must cause movements in the air such as were shown by the movements 
of the balloon. Tf, then, the air of a room be circulating thus rapidly, 
foul air cannot accumulnte in any great exceas at any part of it; but on 
the contrary, different qualities of air must be speedily mixed. 

2. To show more clearly what the balloon had indicated, a number of 
filaments of floss silk (about six inches long, teased out, and made very 
fine) were fastened on the ceiling with wafers. A number of similar vanes 
were attached to pena, and these were fastened to & pole reaching from 
the floor to the ceiling, and others were fastened to the mantlepiece. 
Where the air was stagnant, the free ends of the vanes pointed steadily to 
the floor. Where it was descending, they pointed downwards and moved 
About; where the air was moving horizontally, the silk was bent in the 
same direction. Where the current was more or lesa strong, the silk was 
more ur less bent, and showed the comparative strength of the mov ing 
power at different points, Whero the air was ascending, the vanes 
pointed upwards, It became at ouce evident that the air was rising at the 
mantlepiece, and flowing rapidly along the ceiling, in lines radiating 
from a point above the fire, as shown on the Plan No. 1, and that the venti- 
lator was not drawing air from the ceiling so as to interfere with the direc- 
tion of vanes pa close to and above it, which pointed directly away 
from it. By moving the pole to different positions across the room, the 
direction of the currents, as shown by the silk vanes, waa found to coincide 
with that indicated by the balloon.” 

Notwithstanding the appareut interference with the action of 
the ventilating exit here indicated, the introduction of such an 
exit iu all cases is recommended by the Commission, and in new 
buildings it, is recommended that the openlng shall not lead 
directly into the chimuey flue, but into an adjoining foul-air flue, 
the air in which will be rarefied by the heat imparted to it by the 
neighbourhood of the smoke flue and its warm contents. 

The mode of air-supply which is indicated by the Commis- 
sioners as seeming to them best suited to meet the requirements 
of ordinary dwelling houses appears to us, notwithstanding the 
great scientific eminence of the proposers, to be open to question. 
It is founded upon a plan suggested by the late Prof. Hosking, 
and has for its object the furnishing from a single opening a sup- 
ply of air, of which a portion shall at once enter the fire to sup- 
port combustion while the remainder shali be thrown into the 
room. The Commissioners remark— 

“ In order to effect an agreeable and pleasant ventilation, and prevent 
currents of cold air ruahing from the doors and windows in the direction 
of the fire, it is to be recommended that the supply of atmospheric air 
for the support of combustion be provided from some independent source, 
such ag an air channel or tube under the floor in communication with the 
external air. The ventilation of the room would then be carried on by 
proper apertures, independently of the supply of air to the fire. The com- 
mission therefore recommend:—That the area of the supply-pipe or chan- 
nel be larger than the area of the smallest part of the pn y-flne, in 
order that fresh air in excess of that required for combustion may be 
supplied into the room to the amount of 15 to 20 feet per minute for each 
occupant, by which arrangement the fresh air introduced for the purposes 
of ventilation may be warmed or tempered before entering the apartment. 
That the supply air-channel be provided with a closing apparatus. That 
for the ventilation of rooms, exits should be provided for the spent air 
near the ceiling, either by perforations in the cornice at different parta of 
the room, by apertures made near the ceiling, or by one sufficient aper- 
ture leading into the chimney, with a rarefier in case of need, to such 
extent as to remove from 15 to 20 cubic feet per minute for each occupant. 
By thus pouring into the room a current of gently warmed air, and re- 
moving froin it an equal amount of spent air, a much greater degree of 
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ventilation could be borne without discomfort, than if the air supply were 
derived from accidental sources; all whistling of windows, pressure upon 
doors, and cold draughts would be greatly checked, if not quite pre- 
vented.” 


The supply-pipe is elsewhere described as terminating in an 
opening iu the hearth, so that the air drawn from it into the fire 
shall enter the fire-grate from below, while the air entering the 
room (supposing any to do so) would pass close to the fire, and so 
be partially tempered, if not warmed. This plan does not seem 
to have been put to the test of actual experiment; and we are 
afraid that it might result in an action very much the reverse cf 
healthy. Though the area of the air-channel supplying the tre- 
grate is proposed to be larger than that of the flue carrying off 
smoke, yet no means will insure that the air entering through the 
channel shall be drawn along it at the same speed as that going 
up the flue. Probably the action of the two would differ very 
much, and the fire would absorb the whole of the ait sent in 
through the supply-pipe, discharging it all again into the flue at 
a higher velocity. If this were the case the body of air in the 
room, even if set in motion bv the heat of the fire, would not 
undergo change, and the good and bad air would be mixed up 
together, and would circulate round and round, without getting 
removed and replaced. On this account we believe that the plans 
which introduce external air at a point remote from the fire- 
place, or at least so far removed from it as to render it almoet 
impossible for the fire to absorb the whole quantity that they 
furnish, afford a more reliable prospect of real renewal of the 
atmosphere of the room than does the scheme of the Commis- 
sioners. 

By far the larger portion of the Report from which we have 
now been quoting is devoted to the subject of the warming of 
dwellings—a subject which we have not included in the heading 
of this series of papers. We do not propose to enter now upon 
the consideration of the various sorts of stoves and fire-grates 
examined by the commission, or to reproduce their opinions, 
which are guardedly given, as to their comparative merits, 
although to persons interested on the subject we can recommend 
this part of the Report as interesting. We shall here, however, 
do no more than make two extracta bearing upon the question of 
heating : the first being the Commissioners’ statement of deside- 
rata— 

“That the floor be at the highest temperature in the room. That the 
walls be higher, or as high in temperature as the general temperature of 
the room. That the general body of the air in the room be of a genial 
and equable temperature, at the same level, and gradually decreasing from 
below upwards to the ceiling. That the ceiling be at a temperature 
differing very little from the stratum of air immediately below, and 
should be the lowest in the room. That the range of temperature 
during the twenty-four hours be small, so as to prevent the loss of heat 
during the first part of the day, by heating air at a much lower tempe- 
rature than is required. That the water present in the air be such in 
amount that no undue checking or accelerating evaporation from the akin 
takes place. That all heated air which passes upwards should pass away. 
That fresh air be admitted to supply the place of the exhausted air. 
That there should be a freedom from sensible currents of air, and a free- 
dom from smoke. 

On the other hand, we may consider that the reverse of these conditions 
is injurious to the health and comfort of the occupants, viz.— That the 
general body of the air be either at too high or too low a tem: ure. 
That either the floor or walls be cold, with respect to the ge tempe- 
rature of the room. That the ceilings be heated; unequal distribution of 
heat; bad ventilation; currents of air; presence of smoke. If there be 
a great arie from the proper degree of humidity at any temperature, 
the air will be either too dry if at much less, or too damp if at much 
more, for healthy and agreeable respiration, and more particularly to all 
occupants who are in any way affected with pulmonary complaints.” 

The second extract embodies recommendations deduced from 
an extended series of observations and experiments. 

“In regard to fire-grates in general, from the preceding experimenta, and 
from the information which has been collected, the commission is prepared 
to recommend:— 

1. The use of reflecting surfaces to direct an increased amount of 
radiated heat into the room. 

2. That the chimney-flue should be of small dimensions, and not 
more than 9 inches in diameter at the widest part, to diminish the 
quantity of air escaping up the chimney, and reduce its tendency to 
smoke. 

3. That chimney-flues should not be situated in the outer walls of dwell- 
ing-houses, to become chilled by contact with the comparatively low tem- 
perature of the external air. 

4. That the chimney-flue should be provided with a closing apparatus. 

6. That the aperture for the escape of the amoke should be pluced at 
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the back of the fire, to increase the intensity of combustion and promote 
tbe radiation of heat. 

6. That fire-brick linings to grates should be in general use. 

7. That sunk ash-pita and concealed ash-pans be employed to prevent 
dust, &c. being diffused in the room. 

8. That the fire should not be on a level with the floor; this is made 
erident by the experimenta with Lealie's grate. 

9. That aa a rule, the fire-grate is best situated which may be seen from 
the greatest number of points in the mom. 

10. That a good frontage of fire surface should be e ; this does 
not Decensitate any corresponding increase in the depth of the grate from 
back to front. 

11. That those stoves be used that prevent the formation of smoke; the 
formation of smoke being a proof of imperfect combustion, and a repre- 
sentation of so much fuel wasted. 

12. The commission strongly recommend that the fire-grate should be 
studied in its construction with the view to its effecting a better and more 
economical consumption of fuel, and a more equable distribution of heat, 
and not as a contrivance for the ventilation of rooms. The commission 
is decidedly of opinion, that so long as the fire-grate is studied with a 
Md oe twofald application, it will not succeed well in the performance 

e e 

This report concludes with a suggestion for the improved con- 
struction of new dwellings in the respect of flues and air openings, 
worthy close examination by practical men. We cannot express 
ourselves as thoroughly satisfied of its feasibility in the exact form 
in which it is recommended by the commission, although there 
can be no doubt that it contains the elements of a radical improve- 
ment in house building. 

It is proposed then that there shall be formed in such houses 
as will admit of it, one central smoke-flue, that all the fireplaces on 
all the floors shall communicate with it through short channels, 
and that it itself shall be straight and of circular section; probably 
for an eight-roomed house, not requiring to be more than 10 inches 
in diameter, and of glazed tubulartile. Round this flue, up which 
itis considered products of combustion would be passing at all 
periods of the m an annular air-chamber is to be formed, and 
openings into this chamber are to be made at or near the ceiling of 
each room. These openings will serve to draw off the vitiated 
air out of the rooms as the neighbourhood of the current of 
hot air in the smoke flue will maintain an ascending current in 
the air chamber. To supply the fire, spacious air ducts are to be 
introduced, one under the floor of each room, leading from the ex- 
ternal atmosphere to an opening in the hearth-stone. 

An illustrative section of a house arranged as here proposed is 
embodied in the report, and it would be satisfactory to know that 
the scheme had been actually tried. We are not, however, aware of 
any instance where it is in operation, though portions of it, sach for 
instance as the annular chamber surrounding a smoke-flue, have 
been in use for a considerable time. It is advised, we may add, 
to economise heat by employing double windows, or at least double 
glazed sashes. Thiis isa very prudent suggestion, and would at a 
very moderate cost, increase the warmth, and consequently the 
comfort of dwelling houses, to a great extent. 


(To be continued.) 
— er —————— 


THE STRESSES ON THE VARIOUS PARTS OF A 
BOWSTRING GIRDER. ; 


Wager the arch is such as to have the points where the truasin 
is connected with it arranged in a parabolic curve, then it wi 
be equilibrated by a continuous uniform loading. And under 
such a aning there is consequently no atress on the diagonals; 
the loading, if on the chord or maiu tie, will be transferred in a 
direct manner to the arch by the perpendicular pieces, supposing 
these to be capable of acting as ties, whether or not they act as 
such in the trussing. In calculatiug the strains to which the 
diagonals may be subjected, we have therefore to consider the 
effecta of the moving lond alone. 

, Assuming the arch to be as above described, aud that the truss- 
ing is made up of equidistant vertical pieces, and the quadri- 
latera] openings supplied with diagoual struts or ties, as in Fig. 2, 
we have this remarkable analogy (which was first mentioned 
by the writer in one of a series of pape supplied in May 1852, 
to the Messrs, Fox, Henderson, aud Co., giving instructions for 
the calculation of the strains in various forms of bridges) :—“ The 
marimum stresses on the diagonals, whether these be struts or ties, are 
1n proportion to their lengths? So that we may, by calculating 


e stress in any one diagonal, at once arrive at a multiple or ` 


tale which will give us the stresses on all the others, by multi- 
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plying the calculated lengths by the former, or by direct measure- 
ment of the lengths with the latter. 

We purpose first to show the mode of arriving at the amounts 
of the stresses on the trussing, the lengths of the parts, and the 
above important deduction; and to conclude with some remarks 
on the strains in the uprights, the arch, and the chord. 

Let N = the number of bays in the span S, and each bay = 4; 
also let w represent the share of the movable loading due to each 
bay, or trussed point of the arch; D — height of curve of arch. 

Let us first take the case of the diagonals acting as ties, and 
the uprights as struts in thetrussing. And to save undue length 
of explanation, we will assume a certain familiarity with the 
subject on the partof the reader. It is well known, then, that the 
maximum strains in the various diagonals will be produced in suc- 
cession by the movable load gradually encroaching on the bridge in 
the manner of a long railway train, first from one extremity and 
then from the other; but it will be sufficient to consider it as en- 
eroaching in one direction only—viz., from pier P, Fig. 1, and this 
produces the maximum strains in all the diagonals shown in this 
figure; the effect of the load encroaching from pier Q on the 
other diagonals not shown in this figure being merely a counter- 
part of the first. 

The points a, b, c, &c., being situated in a parabola, we can 
easily calculate the tangeuts of the inclinations or angles which 
the various parts and lines make with the horizontal direction. 
And as the proportions which these tangents bear to one another 
are not affected by altering the relation of the depth D of the 
girder to ita span S, we may insert them as we have done in Figs. 
l and 2, in whole numbers obtained by multiplying the true 

NS 


values by iD! let this = c. 


The greatest stress on any diagonal such as b,c, Fig. 1, is pro- 
duced by loading all the points a, 6, which lie between the pier 


P and the point above b, inclusive. Of the weight w at a, x w 


must be transmitted to pier Q; and of the weight w at b, $e 


must be transmitted to Q. Now bQ is the primitive line of pres- 
sure for the transmission of these portions of the weight to the 
pier Q, let bg be taken ou this line to represent the resultant, which 


r : 1 2 3 
must contain a vertical component — N” + N°= WF 


=Q. The resultant òQ must be resolved into the directions of 
the arch and strut, that is into br and 65; draw qt horizontally, then 
bt = Q. Now bs represents the stress acting down the strut 5b, 
and evidently also the vertical component of the maximum stress 
on the diagonal b,c, therefore 


b 
Stress on bc = bs. sec of b,cc, = bs I (bt T ta) M s .. (1) 
ce € 


1 
It will be observed that bs = 6t+-ts, te becoming negative for a 

put taken at or beyond the crown of the arch, as for point d in 
ig. 1. 


w, say 


g 
bt : ts :: tan of inclination of resultant : tan of inclination of arch, .. 
tan of incli. of arch A 1 x e 
u= M Gn of incli, of resul incli, of resul’ substituting this value in equation 1 


and putting Q for bt, we have 
bc tan of incli. of arch 
Piva on ec c (1+ tan of incli, of im) 


Now, to render this general for any diagonal, let n be the dis- 
tance, counted in bays, of the lower end of the diagonal from the 
pier P, and we have v 
Q evidently =the summation of the series (1--2--3--.. n 


carried to nterms -. Q=(n-+n’) E a we (3) 
The tan of the inclination of resultant to Q =] veces (4) 
N—2n—1 


The tan of the inclination of the arch — : ; 


which becomes negative for points at or beyond the crown. 
Substituting these values in equation 2, we get 

: " v N—2n—1 

Stress in any diagonal —(n--n) nN (1 + Ec ) xlength 


of the diagonal — the height of its upper end above the chord of 
the arch, or 
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w length of diagonal 
SSN a * Yength of strut at(n+1) `” © 


The length of the upright attached to the lower end of any 
diagonal is expressed by the tangent of the inclination of the line 


drawn from the head of the upright to the pier Q, (= 7) muiti- 
plied by its distance from Q, [= (N—n)¢] ~. 

ecüiof Mural ce SO NO) 

And the iene of the ur-ight attached to the upper end of the 

pret wi be expressed by substituting (n--1) for n in equa- 

Length of strat at n--1 = N-FnN—1—$2—n! e) a (8) 
Substituting this value in equation 6, we get 
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serve that to produce the maximum stress on 5,c acting as a tie, 
or on be, acting aa a strut, requires the same pointa a and b to be 
loaded. Let bg represent in magnitude, as it does in direction, 
the resultant from point b to Q; when bb, is^a,strut and b,¢ a tie, 
the stresses are represented by the lengths be and b,o respectively, 
for be = oc. But as we are now to treat bb, and ec, as ties, 

be, and cb, as struts, we must resolve bg, not into be, and be, but 
into be, and be, ; and the compression in strut be, is evidently now 
represented by the length of the diagonal in the same fashion 
that the diagonal leugth cb, represented the tension in bc when 
it acted as a tie: so that the analogy holds good for both arrange- 
ments. 


The Stresses on the Uprights. 
1st. When the loading is considered as placed immediately on 
the arch, the maximum stress on any upright must be equal to 
the vertical component of the stress on the most strained of the 
two diagonals connected with its lower extremity; for it. cannot 
Fra. 1. 


a, b, c 
Stress on any diagonal =e length, and substituting for c its 
value PA , and for s ita value S, we get 
Stress on any diagonal — Nw xd diagonal T (9) 
And as x is constant, the stress is proportional to the length. 


When N is even, the longest upright is = D, therefore if we form 
a scale such that a longt equal to the central upright repre- 
sents one-eighth of the total movable loading Nw, then any 
diagonal measured upon that scale will at once point out the 
stress it may suffer. en N is odd, and the arch either poly- 


gonal or curved, each of the central uprights will be =D Ge =) 
so that we have the stress in any diagonal when N is odd = 
(N-=) w . length of diagonal - 8 times the length of a 


central upright. And if we construct a scale such, that on it 


Fig. 2. 


1 
a central upright will measure NN this scale will at once 
give the strains in the diagonals by simply applying their lengths 
toit. But we may repeat that whether N be odd or even, the 
stress on any diagonal is simply its length multiplied by the 
value of ae 
8D 
We have assumed in the foregoing investigation that the diago- 
nals were supplied with ties, and that the uprights were struts. 
And now, to show that the same conclusions apply when the 
diagonal pieces are struts, and the uprights are ties, let us construct 
Fig 3, the line sg being drawn through the point yon to ge, 
and intersecting bQ in g, and bb, produced in s. d let us ob- 


be less than this, since it is through ite agency that the stress is 
either delivered. or carried onw. according as the upright is 
a strat or a tie; and it cannot be greater, for if we, for instance, 
suppose it when a strut to suffer a greater strain, this assumes 
that the resultant to the other pier P is resolved into it and the 
arch, but any such resultant would, on the coutrary, go to 
annul a portion of the tension previously existing in the tie lead- 
ing from the head of the strut towards the said pier. The stress 
in the upright is therefore ascertainable by applying the alread 

described scales to the length of its taller neighbour, or by mul- 


tiplying that length by pee 


2nd. When the load is applied, not on the arch directly, but 
on the chord line, and assumed to be suspended by the perpen- 
dicular pieces, the strains in these as given above will be tly 
modified. If they be struts, the greatest tension to which they 
p hen subjected is produced when all ths loadings are on, and 
then ae ikon each, w, representing the Nth part of the total 


dead weight: the greatest compression to which any one is liable 
; Nw 
is = its own length X ——— w. 
ng X "ep; © 
Fie. 8. à 
Ed 
ME 
CUm 
nee 7 


If the uprights be ties (the diagonals then bing struts), the 
lengt 


maximum tension for each will be = w+ w, + of its long- 
est neighbour X aid = WD , where n' representa the distance 


of the upright tie from the nearest pier, counted in ljeys. 
The Stresses on the Arch and Chord. 
The compression of the arch at the crown is = thé horizontal 


thrust of the arch, which is = the tension of the choi, which is 
= total sum of movable and dead weight on girder) xX ay 


The compression in any other part of the arch is —|horizontal 
thrust X sec of inolination of that part. 
Edinburgh. H.B. 
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ON THE PRESENT ASPECT OF THE FINE ARTS IN 
ITALY, WITH ESPECIAL REFERENCE TO THE 
RECENT EXHIBITION IN FLORENCE* 

By M. Diesy Wyart, Architect. 


Tux name of Quintino Sella, the mathematician, economist, and 
orator, that of one of the most rising men of the present genera- 
tion of Italians, will ever be held in esteem by his countrymen, if 
on no other grouuds, from the honourable connection which must 
always exist between his memory and that of the signal manifes- 
tation of Italian capabilities, in an industrial point of view, which 
wil mainly e oar attention this evening—the first made 
since the yoke which has o long impeded their satisfactory deve- 
PME Bas been at least partially removed from the shoulders 
ofa race whose attachment to Fine and Decorative Art has be- 
come proverbial. ; 

To the Cavaliere Sella, and to hia exertions in the Italian 
Parliament, that nation is indebted for the conversion of an Exhi- 
bition, limited, as originally contemplated, to the illustration of 
Tuscan manufactures only, into one in which evidence, greater or 
less according to circumstances, is to be found of the artistic and 
industrial capabilities of almost every district of that united king- 
dom; whose existence as such every well-wisher to tite cause of 
liberty, and every one who honours the ancient traditions of excel- 
lence in design still preserved in that favoured land, must ardently 
desire should be preserved. 

The task of the critic who would attempt to minutely characte- 
rise individual productions so far removed from the eyes of those 
he rep ini to address as to render impossible any appeal on their 
parta from his judgment to material evidence, must, ds to 
me, be alike unjust to those whose works may be criticised, tedious 
to those addressed, and too one-sided to be either interesting or 
profitable. I propose, therefore, this evening to take a broader 
view of the entire subject of the Italian Decorative and Industrial 
Arta than I should probably do if the means of rectifying an 
errors of individual judgment on my part were within the 
of those to whom I venture to offer the following observations. 

The natural sequence of emotions most readily to be imagined 
as occurring to an educated Englishman on entering the Exhi- 
bition building at Florence would be, as it appears to me, some- 
what as follows:—Firstly, his memory would revert to those old 
glories of the days of Florentine independence, of Genoese and 
Venetian magnificence, and of Roman Pontifical autocracy, in 
which the fine and decorative arts are known to have reached a 
pitch of peracto scarcely rivalled iu the palmiest days of Greece 
and of the Augustan empire. He would naturally inquire what 
those old Italian arts and industries were, how far they co-existed 
a vee united, and under what social conditions they were de- 
velo 

is second inquiry would naturally be, how much of that 
ancient power still lingers in the hands of the descendants of 
those by whom the original greatness was attained 1 

The third subject of investigation would probably be, after 
taking stock of the present, what materials still exist amongst 
the Italians likely to to a higher perfection than has been 
as yet attained in recent times the arts for which “Italia la bella” 
was once so famous? 

ising, as no one can fail to do, the retarding influences 
which have so long operated to fetter and depress the wonted 
vivacity of that hig y imaginative people, it is indeed an interest- 
ing problem to endeavour to trace the direction in which a greater 
degree of personal liberty than they have hitherto been permitted 
to enjoy may tend to revive those energies which have too long 
overshadowed by a baneful condition of social oppression. 
From her past and her present may thus, to a certain extent, be 
an Italian future. 
all this, doubtleas, there must be some moral for us; and 
the fourth aspect under which any Englishman, anxious for the 
augmentation of his country’s greatness, would naturally regard 
the present evidences of capacity manifested at Florence, would 
be to consider what concurrent improvement his countrymen may 
derive from the leasons to be at present learnt in Italy 

Following this order of investigation, my remarks will be 
grouped in subordination to these four leading aspects, under 
which the subject may be ed. We shall therefore consider 
firstt—and far too briefly for the grandeur of the theme—what 
the old Italian arts and industries were. 


*Paper read before the Society of arts, 
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It appeared to those in whoee hands the initiation of the Great 
Exhibition of 1851 rested, as likely to prove an important element 
in preparing the way for a due appreciation of that great display, 
that a collection of. works, illustrating the perfection to which 
industrial processes had been carried in ancient and medieval 
times, should be submitted for general study and inveetigation by 
the public, previous to their being called upon to estimate the 
relative value of corresponding cotemporary processes. Many of 
those I have the honour of addveastng cannot forget the success 
which attended that exhibition, inaugurated under the auspices 
and mainly through the direct action of the Society of Arte. 

A similar idea seems to have struck the Italians, and to have led 
to the bringing together a very remarkable collection as specimens 
of ancient [talian technical art; mainly through the active exer- 
tions and public spirit of a Florentine medical man and distin- 
guished connoisseur, the Doctor Guastalla, whose energy has 
already tended to infuse new life into the adminstration of the 
Florentine museums. Several of the princely Italian families co- 
operated in this work, the peeves arising from which, it was 
determined, should be voted to charity. 

Within the walls of a large house in the new Piazza dell’ 
Indipendenza, were consequently crowded together a great quan- 
tity of objects, illustrating almost all those industries with the 
choicest specimens of which Italy was wont, from the end of the 
fourteenth to the beginning of the seventeenth century, to supply 
the factitious necessities of the moat highly cultivated portion of 
the royalty, aristocracy, and rich bourgeoisie of Europe. 

With such examples of these arts as we may be now thankful 
to possess in the Museum at South Kensington, it is little neces- 
sary for me to dwell in detail upon the classes of objects collected 
in the Casa Guastalla, It may be sufficient to say, that bronzes 
worthy, if not wrought by the hands, of men such as Ghiberti, 
Cellini, Donatello, Michael Angelo, and John of Bologna, were 
not wanting. Neither were the finest Venetian glasses, Milanese 
and Ferrarese arms and armour, Siennese and Florentine illumina- 
tions, Umbrian majolica, enamels of several kinds, goldsmiths’ 
work, silver repouseé work, iron work, niello, medals, lavori di 
commesso, or mosaics, and coins, cuir bouilli, tapestries, rare tis- 
sues, lavoro all’Azzimina or damascening, tarsia or marquetry, 
and marbie, ivory, and wood carving. 

Where so much was beautiful, it seems almost invidious to 
dwell upon points of remarkable interest; but it would be treason 
to the royalty of excellence to pass over two or three objects 
eapecially celebrated in the history of art, and now brought under 
public notice after ages of seclusion, if not neglect. 

The most interesting of all was probably that patera in bronze, 
which Vasari relates that Donatello worked for the noble Casa 
Martelli, to show how perfectly it was within his power to rival 
the exquisite fragments of antique bronze casting and chasing, 
which in his days were as much the rage among great Italian 
collectors,as majolica and “vieux Sèvres” have been latelyamong 
French and English. As perfect almost as it could have been when 
it left the hands of that rare artist, this beautiful piece of sculp- 
ture justifies all the praises which Cicognara has so lavished upon 
it in his ‘History of Sculpture,’ 

Another specimen of little less historical interest, was the bust 
in marble representing Marietta Strozzi, wife of Celio Calcagnini 
di Ferraro, by that great sculptor (who unfortunately died too 

oung to leave much behind him) Desiderio da Settignano. 
M ealoualy preserved in the family of her descendantain that lace, 
the architecture of which by Benedetto da Majano and Pollaiuolo 
has mainly stamped the Tuscan palatial style with its easily re- 
cognised distinctive features, there can be no doubtof the true 
descent of this beautifully preserved work of art. 

Another item, small in bulk though great in artistic value, was 
also contributed from the same collection—a little key in chiselled 
steel, ascribed to Benvenuto Cellini, and, if not actually executed 
by him, eminently worthy of his moat dexterous hand, and of all 
that skill which he appears to have acquired in the workshop of 
Paolo Arsago, the Milanese. 

Probably, as far as unique curiosity is concerned, the most 
interesting groups of objects in this collection were the very im- 
portant series of coins of different Italian cities and mints; the 
medals of illustrious personages, by Pisanelli, Sperando, Cellini, 
Pollaiuolo, and others; and a very curious collection of cut and 
stamped leather work, which the energies of the purchasers for 
the South Kensington Museum may, I hope, ere this have ac- 
quired for our admiration in this oountry. 

Important as the objecta in this collection unquestionably were, 
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as filling up the detail of the still-life of those pictures in which 
the stately Gonzagas, Medici, Sforzas, Strozzis, and Dorias oc- 
cupied the foreground, it is of course in the great monuments and 
Permanent museums of the country that we learn to recognise 

ow inseparable the perfection arrived at in these minor arts was 
from that greater sublimity attained in the noblest efforts of the 
architect, the painter: and the sculptor. 

It is precisely in this union of imagination of the loftiest kind 
with perfect technical dexterity in art productions, on either the 
vastest or the most minute scale, that the great strength of the 
excellence of the finest Italian design in old time consist& All 
these relics, whether taking the form of gigantic churches, of 
stately palaces, of heroic works of sculpture, of extensive frescoes, 
of elaborate furniture, of pottery, glass, and even ornamental 
leather, show how absolutely indispensable to personal enioyment 
art then was. 

Every student of the “ Divina Commedia” must remember 
the almost passionate terms in which Dante mourus over that 
transition from simplicity of life and manners to a luxurious 
indulgence of the intellect and senses, which no sumptuary laws, 
however stringent, were ever able to subdue. Long and vainly 
the nobles strove daring the fourteenth and fifteenth centuries to 
preserve for themselves a monopoly in splendour, but wealth 
accumulating in the hands of the citizens ultimately broke up 
their ineffectual blockade. How, and with what results, may be 
traced in the chronicles of Villani and Corio; in the excellent 
* Discorso di Guglielmo Manzi sopra gli spettacoli, le feste, ed il 
lusso degl'Italiani nel secolo XIV; aad in Muratori’s grand 
collection of writers, “rerum Italicarum." 

Out of the superabundant quos of the industry and commerce 
of Florence, Sienna, Genoa, Venice, Lucca, Pisa, and Milan, and 
out of the accamulated riches drawn by an all-powerful priesthood 
from its spiritual tributaries in all parts of the world, one cannot 
fail to be strack with the very large proportion which was 
obviously expended in supplying this apparently insatiable 
craving for beauty. Sums of money which would frighten the 
nobles, commercial or hereditary, even of this kingdom, were 
lavishly expended on the great monuments of Italian art. Taking, 
for inetance, such a city as Palermo, we find, even at the present 
day, not tens, bat twenties and thirties of churches lined through- 
out with marble mosaic of the most costly description. The riches 
at St. Mark’s at Venice, St. Peter's at Rome, the Certosa at 
Pavia, St, Anthony at Padua, and the churches of the Annun- 
ziata and San Matteo at Genoa, appear almost beyond estimation; 
while not ouly in monuments such as adorn these cities is the 
boldest dimension and the grandest scale adopted, but every inch 
of wall surface, and every piece of church furniture, however 

‘insignificant, is made as elaborate as human ingenuity and human 
hands can make it. 

To such an exuberaut extent waa this apparent craving for 
enrichment indulged, that where, as happened in many cases, 
funds were wanting to complete the ambitious designs of the 
founder of some great monument, his successors, rather than 
leave the work altogether unfinished, have endeavoured to realise 
by paint and every kind of ingenious vi prine the effect so 
ardently desired by the original founder of the edifice. Hence 
proceed many of those illusive perspectives which almost convert 
flat ceilings into airy cupolas, and carry out the eye of the visitor 
in the salone or grand apartment of the piano nobile, or priucipal 
floor of an Italian residence, through apparently tnterming lé 
arcades, to an exuberant landscape alive with statues and foun- 
tains. 

An amusing definition of what an Italian of the sixteenth 
century understood as indispensable domestic ornaments may be 
found in a little book written by Castiglione Saba, and entitled 
* Riecordi overro Ammaestramenti," for a reference to which, 
and indeed for the loan of which, I am obliged to the kindness of 
Sir Charles Eastlake. In one chapter the writer tella us how 
pleasing to the eye and how eaten are terra-cottas by such 
men as Paganino da Modena; musical instruments by Lorenzo 
.de Pavia or Bastiano da Verona; that carvings should be supplied 
by Michael Angelo, Donatello, Alfonso Lombardi (one of the great 
Venetian Lombardi), and Cristofero Romano, Antique medals, 
he says, are necessary, as well as those of Giovanni Corona, of 
‘Venice. Verocchio and Pollaiuolo, we are told, should supply the 
bronzes; and cameos and intaglios should be by Pietro Maria, 
and especially by Giovanni di Castello. . 

We may pass over the list of worthy painters given by the 
author, but not so;the terms in which he notices the marquetry 
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works of Fra Damiano da Pergama, and the armour ani gias 
work, the current productions of Milan and Venice. To fittingly 
supply such necesaities no artist was too proud, and there yet 
exist, more particularly in the great Florentine collection of 
drawings by the old masters in the galleries of the Ufzii, ample 
evidences of the powers in designing ornament as applied to 
industrial productions, y artists whose more special 
fame rests upon that which we habitually contradistinguish from 
such classes of art by designating as fine art. To enumeratea 
few of these may not be unprofitable by way of directing the 
attention of young artists to some of the worthiest masters of 
their craft, 

As designers of wood and marble carving we note the names of 
Baldassare Peruzzi, the great Sienese architect ; Giorgio Vasari, 
Raffaelle da Monte Lupo, Michael Angelo, Montorsoli, Guglielmo 
della Porta, Il Riccio (the author of the magnificent candelabrum 
in bronze at the Church of St. Anthony at Padua), Giovanni 
Battista Trotti, better known as Il Moloeso, Lilio. da Novellara, 
and an artist of exquisite refinement, Francesco Salviati. For 
Btucco work we meet with designs by Giovanni Battista Cre- 
monini and Marco da Faenza; and for friezes with those of 
Gaudenzio da Ferrara, Giulio Campi and Amico Aspertini. For 
miscellaneous designa of all kinds we find beautiful studies by 
Pierino del V. Fraucesco Zuccheri, Polidoro da Caravaggio, 
and Prospero Fontana. Cellini, Bernardino Pocchetti, Giulio 
Romano, and many others, bought their t accomplishments 
to bear upon the production of beautiful metal-work, while 
Pelegrino Tibaldi, Matturino, Morto da Feltro, Giovanni ds 
Udine, Bacchiacca, Pinturicchio, Pietro Perugino, and many 
others, shone in arabesques and cognate descriptions of design. 
Their ability indeed to minister to the smaller wants of the great 
Italian nobles, led in many cases to the artists so exercising their 
lesser {talents (if they may be so described) ar commis- 
sions calculated to bring out their capabilities in the loftiest 
directions. 

Any one desirous of tracing the important part which the re- 
quirements of industrial art played in the lives of many of the 
eminent Italian artists, and which I cannot now do more than 
point to, may find ample materials awaiting his investigation in 
the autobiographies of Ghiberti and Cellini, in the writings of 
Vasari and Baldinucci, in the “ lettere Sanese” of della Valle, in 
the "Italienische Forschungen" of Von Rümohr, in the “Bei 
zur neuern Kunstgeschichte" of Förster, and last not least in the 
collections of original notea and documents illustrating the history 
of Italian art, by Gaye, Gualandi, Carlo Pini, and the brothers 


Milanesi. 

Did time permit I would Meer. LÍ dwell in detail on mosaic, 
agraffito, intarsiatura, fresco, and gesso painting; terra-cotta, 
majolica, stucchi, niello glass making, and others of those arta 
(transmitted by the curious MS. treatiaes known as secreta from 
generation to generation) in which Italy so long enjoyed a mono- 
poly of celebrity if not of actual production; but I feel that the 
second branch of our inquiry this evening is too important to be 
set aside for matters even of such interest as I do not doubt these 
ancient arts of Italy might be made to assume. 

Turning from their yesterday to their to-day, we cannot bnt 
observe that, in almost every department in which their ancestors 
excelled, the modern Italians exhibit if not a considerable power 
of production, at least very respectable exceptional proficiency; 
and if not within the walls of the Florentine exhibition, at least 
in coutemporary art-productions elsewhere, we may trace a par- 
tial revival of almost every ancient process known to the Italians 
of Medicean times. . 

It is probably in the purely Fine Arts that the principal dege- 
neracy is to be recognised; in the strictly technical there exists 
by no means the same falling away. The reason for this may not 
be hard to trace in the amount of liberty which has for man 
years past been enjoyed by the lower orders, as compared wi 
that moral and mental eubjection in which the middle classes 
have been held. While every-day necessity, and the passage of 
interminable forestieri, have created sufficient demand to stimulate 
the capabilities of the workmen, the apparent hopelesaness of their 
career has unquestionably deterred many, who from the middle 
classes would have supplied proficient artists and designers, from 
entering upou those severe studies by which alone excellence in 
the higher branches of art can be attained. 

(To be continued.) 


—_—_ TFS M 


Feb, 1, 1862} 


PUDDLED STEEL, HOMOGENEOUS IRON, AND 
STEEL IRON. 

THE question of the mechanical properties of puddled steel, as 
also the leas highly carbonised products of iron, is one of growing 
importance. eap and ready manufacture and a high degree of 
strength are advantages claimed for this class of material, and its 
feld of application is becoming largely extended. An accurate 
acquaintance with the limits of strength and laws of elasticity 
becomes therefore increasingly desirable. 

We have before us a pamphlet by Mr. W. H. Barlow, F.R.S. 
MILC.E., giving an account of some experiments which he has 
conducted by permission in the Hoyal Arsenal at Woolwich, for 
the purpose of obtaining some reliable data upon this subject. 
The testing machine employed at Woolwich is a counte of 
that used by the United States Government for ascertaining the 
strength of cast-iron. It records accurately the amounts of the 
ultimate resistances to rupture by tension, compression, transverse 
strain, and torsion, but 1s not well arran for exhibiting the 
progressive action of the three first-oamed kindsof strain. Con- 
sequently, as Mr. Barlow atates, although the experiments may be 
relied on as far aa they go, and point out the more important 
properties of the materials teated, they do not afford all the data 
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that could be wished; as puddled steel rarely yields to rupture in 
the testing machine except under tension. 

“Puddied steel is made direct from cast-iron by a process to 
that used in obtaining common wroaght-iron, but io feed of expelling al 
the carbon, such an amount is left contained as to impart the quality of 
steel to the metal so treated. Considerable ience is required in tbe 
selection of suitable qualities of metal, and also to know the precise moment 
at which to stop the process of decarbonisation in the puddling furnace; 
Rn other conditions: hava to bo observed in arder to secure she suo- 
cess of the operation, but it is now accomplished with great certain 
and the rauk is the production at a very low cost of steel, which 


although not of high quality, is nevertheless possessed of many valuable 


perties. 
a addition to the experiments on puddled steel, similar sxpechseun 
were made on homogeneous metal and steel iron, and on pud steel 
melted and cast into ingots. Steel iron is s condition of the metal when 
the process of decarbonisation is carried further than in paddled steel; 
its fracture is fibrous, and it approaches very nearly to wrought-iron. The 
other materials above mentioned Show a crystalline ee the crystala 
being very small, fine, and regular, like of gun metal The steel 
possesses also similar properties of malleability, although much harder and 
of much greater strength than gun metal.” 

The following Table (L) is an abridgement of Mr. Barlow's 
summary of the experiments on tension;— 


Taste L—Summary of Experimente on the Resistance to Tension of Puddled Steel, &c. 


52 to 56 Mersey Iron Works... ... 
19 ,, 23 Firth & Co. ... 0. ... .. 
29 ,, 34 Naylor and Vickers... ... 
57 „ 61 

Retake Ges Naylor and Vickers... ... 
8 ,, 12 Atlas Works... ... ... ... 


lbs. Iba, 
84,152 to 109,117 95,283 
88,640 ,, 115,183 100,994 
100,931 ,, 133,054 116,886 
84,652 ,, 124,492 101,758 
67,487 ,, 71,158 69,456 


From these results the author draws the following conclu- 
sions:— 

“From the above experiments it appears that the ultimate tensile 
strength of puddled steel, iis rn metal, and puddled steel melted 
And cast into ingota is nearly double that of wrought-iron. The variation 
of strength in the different samples is not greater than is found to arise in 


pecimens taken out and re-measured after receiving strain, 
indicate that permanent set first begins to be perceptible at 20,000 Ib. per 
square inch. 


Puddled steel and homogeneous metal broke with a fracture presenting 
a minute crystalline sp ce; and there were two distinct forms of 


fracture, one being in a plane at right angles to the line of strain, and the 
other & cup- fracture more or less perfect. 
The material called ‘steel iron’ showed a fibrous fracture, and was of 


much less strength than puddled steel and homogeneous metal. In this 
material it was evident that the process of deearbonisation had been 
carried too far, and that it differed but little from iron of good quality.” 

From the summary of experiments on compression we extract 
the mean results (Table IL):— 


TasLE IL—Summary of Experiments on the Resistance to Compression of Puddled Steel, &c. 


No. of Amount Bate ton 
Experiment. Name of Material. eoa obere vermaflength. 
Ibe, loch. 
47 to 51 Puddled steel (mean length 1:323 in.)... | Mersey Iron Works ... 21,908 *0032 *000247 
$5 ,, 38 Puddled steel (mean length 1:368 in.) .. | Naylorand Vickers ... 20,196 *00325. *000263 
24 Homogeneous metal (length 1:295 in)... | Firth & Co. ... ... ... 22,514 *008 *000231 
62°, 65 Puddled steel melted and cast into ingots 

(mean length 1:4175 in.) ... ... ... ... 21,998 *00575 *000418 
18, 17, and 18 | Steel iron (mean length 1:102 in.) ... ... | Atlas Works ... ... ... 23,574 *00533 * 000459 


“The samples tested were all about 1j inchesin length. The approach 
of the steel pistons between which the samples were compressed was care- 
fally measured, and the results as recorded are correct as showing the 
compressions of columns of the length employed. The amourít of com- 
pression ton per inch is however so great, and being moreover incon- 
tistent with that which may be inferred from the experimenta on transverse 
strain, it is to be une that the result is affected by the short length 
of the samples. effeot of the pressure is to enlarge the diameter at 
the centre of the sample. 

Fig. 1 representa the sample No. 24 before pressure was applied, and 
Fig. 2 is the same sample after receiving a pressure of 51 tons per inch, 

Fio. 1. Fre. 3. 


| Q 


and similar effects though in a lees degree result from smaller pressures. 
It is known that in long bars subjected to compression the centre portion 


is not proportionately expanded, and it follows that the decrease of length 
in short columns will not roportional to that in long ones. It is 
evident, however, that the pud Bteel and homogeneous metal are less 
compressible than cast puddled steel and steel iron. Puddled steel, 
whether cast or otherwise, could. not be.crushed with any pressure the 
machine was capable of exerting; the only effect was to uce an altera- 
tion in the form of the sample. This property would indicate that if 
great pressure were to be resisted it might be advan us to submit the 
material to great compression before using it. The effect of the pressure 
appears to y produce a re-arrangement of the particles, and when so re- 
arranged, they are capable of sustaining greater pressure than in their 
original form.” 


** By comparing these experimenta (Table III.) with those of Prof. Barlow 
an wrought-iron bars 2 in. square (see Barlow on the S of Materials) 
it will be seen that the deflection under transverse strain is greater in 
puddled steel, when of like dimensions and under like circumstances, in 
the ratio of 10 to 11. But the weight it is capable of sustaining before the 
increments of deflection with equal weights cease to be regular is, as 
nearly as possible, double that of owe: ` Hence, so far as these 
experimenta go, it would appear that a har of puddied. steel may be bent 
about twice as much as a bar of iron of like dimensions, without impairing 
ita elasticity, or without causing a greater permanent set,” 


Taste IIL—Summary of Experimente on the Resistance to 
Transverse Strain of Puddled Steel, &c. 


Value of K.* 


Name of Maker. 


em ses 


. | i i | ——— ——-|———1———d1————1———————— 


42 |Homogene- 

ous metal 
43 do. 
44 


— | — ef Sf | ————1———— 


Atlas y 3: 
2 M | 211012085 | ‘087 |... 
3 do.  |2:055|2050 | 7042 | ..... 


Mean 


mE 


Qíe € 
82b d?s 


Bee ‘Barlow's Strength of Materials] 


In the above ex 
in each cage, and 


[" The value of E is obtained from the formula E = 


riments the weight was applied at the centre 
e distance between bearings was 20 inches. 
“í The specific gravity waa ascertained to 


as follows:— 
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Taste IV.—JAResistance to Torsion—Puddled Steel. 


Firth and Sons. {Naylor & Vickers. ES , 
Diameter 1163 | Diameter 1-860" Bale deol Vickers. D Lae 
Weight inches. inches. . inches. 
applied ai 7 = - T rey 
Howe) NEMENEMENE 
le - en e 
zdbibkih 
a L7 a ẹsa A p" 
lb. ! |Degrees. 
100 *25 s -00 00 
200 *20 ; *25 15 
300 :*50 | s. 0] *50 "80 
400 "59 : “75 40 we 
500 | 70 0/1-00 0] :45 10 
600 | °75 . 1:00 v *60 i 
700 | *85 "151-125 | +25 70 
800 | 1°00] .. J1°150] .. ‘70 
900 | 1°20 |B.8. °20]1- 25 *20 | 90 10 
1,000 | 1:40| .. [1-30 | .. | -90 
1,100 | 1-60 801-40 *30 ‘90 8, 
1,200 | .. . [1-50 . | r25 S: 
1,300 ode 1.50 30 | 3:55 [R.8. 2°00 
1,400 |... r6 | .. |. Y 
1,500 | 7:35 1:60 40 isa 
1,600 | 8°85 1:95 R.8. 
1,700 11-80 2:55 *90 
1,800 115:50 3-10 E 2:50 
1,900 ‘19-40 4115 ren Braket 
5 + utttn, 
2,000 | .. 5.60 | 3-00 | | T 


The strength of puddled steel in resisting torsion will be best understood 
by & direct comparison between the results in the Table (IV.) and those 
obtained by Major Wade on samples of the same form and dimensions in 
cast and wrought-iron. The following table (V.) is an abstract of such of 
his experiments as afford a direct comparison. In both sets of experi- 
menta the weight was applied at the end of a lever 25 inches long. 

Good puddled steel and homogeneous metal appear to be very similar 
in their mechanical properties; their tensile strength being nearly double 
that of wrought-iron, the fracture being without fibre, and possessing a 
fine crystalline or granular appearance. Both materials are ductile, and 
may be condensed and consolidated under the hammer. Both materials 
also, although bending under transverse strain aa much as wrought-iron 
with equal weights, are capable of bearing nearly twice as much strain as 
wrought-iron before producing a greater amount of permanent set. 

It is to be regretted that the testing machine in her Majesty's Arsenal 
at Woolwich is not adapted to receive bars of sufficient length for deter- 
mining the modulus of elasticity. The very short length of the samples 
which the machine is capable of receiving in applying tensile and com- 
pressive strains renders it impossible to arrive at correct conclusions from 
im in respect of the amount of extension and compression per ton per 
in ae 


Mr, Barlow’s experiments are an important contribution to our 
knowledge of puddled steel and the other materials tested. The 
ultimate strength under tension appears more uniform Mhan 
might have been anticipated, which speaks well for the aki of 
the makers. We hope that, having gone thus far, Mr. Barlow 
may on some future occasion be enabled to ascertain by SP 
ment the modulus of elasticity, and other data which still 
main undetermined. \ 


Taste V.— Table showing certain Results obtained by Major Wade on the Torsional Resistance of Cast and Wrought Iron. 


Weight applied, 1000 1b. | Weight applied, 1500 lb. 


Description. 


7 
F 


‘Cast Inon— 
No. 1, 2nd fusion 
Ditto, 3rd fusion yes sss is zi 
10 parts No. 1 and 4 parts No. 3, 2nd fusion 
8 parts No. 1, and 6 parta No. 3, 8rd fusion 
Equal parts Nos. 1 and 2, 2nd fusion 


Ditto, ditto 8rd fusion... sas Vis ae vss 
Mixture of 3 perta No. 1, 3 parta No. 2, & 2 perta No. 3, 2nd fusion 
Ditto ditto ditto Srd fusion 
"WRoucnHT IRoN—No. 1... SA sse ss sii js» aes 
Ditto No. 2... oor si ee e e 
Ditto No, 8... "n ane wes we m 


Remarks. 


ent set | Deflection. |Permanent set 


o o 
$2 | $2 5-9 | 3-2 Mean of four experiments 
1:7 0*0 $:0 0:3 One experiment 
1:5 0-0 2:4 0:1 Ditto ` 
1:6 0:0 23 0:1 Ditto 
1:9 0:1 3°8 0:9 Mean of two experiments 
1:2 0*0 2:4 0*0 One experiment 
1:4 0:0 2:5 0'1 Mean of four experiments 
1:6 0:1 2-5 0:2 Ditto 
: 0:0 17:5 16:1 One experiment 
0:1 16:6 15:4 Ditto 
1:2 89:7 87:7 Ditto 


Y 
M 
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ON THE CONSERVATION OF ANCIENT ARCHITEC- 
TURAL MONUMENTS AND REMAINS.* 


By G. G. Scorr, R.A. 


Ir may perhaps appear that I should offer some apology for 
occupying your altention with a subject at once so trite and so 
uninviting as that which I have chosen aa the title of this paper. 
If so, I would say in reply, that it was intended for our opening 
meeting, and that those meetings seem to me to demand, as the 
leading subjects to be discussed at them, matters of vital import- 
ance to our art, rather than of an amusing or highly interesting 
character; and that I hold the subject I have chosen to be, how- 
ever trite, one of the most pressing importance. 

Iassume as my starting point that every member of this Insti- 
tute appreciates the immense value—to any country which pos- 
sesses a history and a civilization—of the monuments and re- 
maios by which that history and civilization are illustrated. 

The value of such monuments of the past is greatly enhanced 
when they illustrate the rise and development of a special style 
of art; still more so when that style of art is one of great and 
acknowledged merit; and yet more than all when it is one which 
has proved worthy of revival and re-development. 

ose among us whose taste and education have led them toa 
more special appreciation of the art of the ancient world will 
fee] how ei d these remarks apply to the precious monuments 
and relics of Greece and Rome, and of the countries over which 
their arta and influence extended. These illustrate a history and 
& civilization the most wonderful in its character: they illustrate 
also the development of a style of art the merita of which no one 
has ever presumed to question, and which has been revived and 
re-developed in more recent ages; and, as a natural consequence, 
every relic of these arts, however fragmentary or obscure, is 
searched out, delineated, aud, when possible, protected and pre- 
served, with an amount of zeal ig assiduity pro ordonel to 
tbeir importance, and which does honour to that modern civiliza- 
tion which so keenly appreciates and rejoices in that of the past. 

Should not however the same feelings, and the same care, zeal, 
and assiduity be extended to the monumenta of our own race and 
our own oountry? Have we nota history as glorious and, to us at 
least, as interesting as that of the great nations of antiquity? 
Have we not a civilization as noble as theirs? and should not the 
monuments which illustrate that history and civilization be as 
precious in our eyes as those of Greece or Rome? 

Added, bowever, to the value which these remains ought to 
possess in our eyes as Englishmen, they possess intrinsic claims 
mele to those of the works of the great nations of antiquity. 

ey illustrate the development (and especially our own share in 
it) of a style of architecture as marked in its character as theirs; 
and the merits of which, though long neglected, are now appre- 
ciated and acknowledged by most of us; and have, just as in the 
case of the Classic styles, led to its revival and re-development. 

Let it be clearly understood that I am entering upon no contro- 
verted questions, — I am instituting no comparison between the 
intrinsic merits of the two phases of art, —nor asking any assent to 
more than the fact of their revival. Ou all such questions we 
may hold our individual opinions, and yet may all agree to what 
I wish to lay down as the groundwork of what I desire to say, 
that our architectural monuments possess claims upon our care 
and conservation precisely parallel in their nature to that which 
we accord to those of classic antiquity, but with these two pre- 
ponderating points in their favour,—that they are our own 
monuments, and that we are the parties responsible for their 
tonservation. 

I would next bring under your consideration the melancholy 
fact that, though onr country is studded with these relics of the 
past, they are every year being reduced in number; and that those 
which remain are constantly subjected to the danger of destrnc- 
tion or deterioration from many different causes; among the chief 
of which I may enumerate,— 

L Natural decay and dilapidation, which are greatly enhanced 
by the destructive climate to which they are exposed, and still 
more by neglect. 

IL Wiful destruction and ruthless mutilation, together with 
alterations suggested by the passing requirements of the day, or 
by individual caprice. 

IIL The yet more destructive inroads of over restoration. 

These three causes or classes of causes threaten, in a degree so 
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imminent and so alarming, the existence, the integrity, and the 
authenticity of our ancient architectural remains, that I feel it to 
be high time that this Institute, together with all local architec- 
tural and antiquarian societies, should take it into their serious 
consideration, both severally and jointly, what measures can be 
adopted to arrest the evil befora it be too late. i 

Our ancient architectural remains may, for the most part, be 
classified under the following heads:— 

I. Mere antiquities—such as Stonehenge, the cromlechs, and 
many of the remnants of Roman structures; though the latter 
often contain objects of art, as mosaics, pavements, &c. 

IL Ruined buildings, whether ecclesiastical or gecular, such as 
abbeys, castles, &c. 

IIL Buildings still in use, as churches, houses, inhabited 
castles, &c. 

IV. Fragmentary remains embodied in more modern buildings, 
such as those which usually exist within the precincts of cathe- 
drals, and often in old houses and country mansions; to which 
class may be added a vast amount of interesting and valuable 
fragmenta, mainly of domestic architecture, and often — though 
of a simple and even rustic character—of great practical import- 
ance to the student of our old architecture, to be found among our 
country villages and in the scattered houses of the farmers and 
the peasuotry, as well as other miscellaneous remains. 

On the first of these classes,—that of a purely antiquarian 
character,—I will not trouble you with any ess d as 1 think 
that our antiquaries are sufficiently alive to their value, and exer- 
cise a wholesome vigilance in respect of them. It is not in gene- 
ral this class of ancient remains which is most in danger, though 
it behoves every one who has it in his power to do,his very 
utmost for their preservation. 

The second class, however,—that of ruined structures, —is one 
which demands much and careful consideration; and it is one 
towards which the salutary vigilance of our Institute and of 
kindred societies might with great advantage be directed. 

The very condition of a ruin of necessity involves liability to 
rapidly increasing decay and the probability of speedy destruction; 
and it so happens that two t events in our history—the dis- 
solution of monasteries in the sixteenth and the dismantlement 
of castles in the seventeenth century, have reduced two important 
classes of architectural edifices to this hopeless condition. 

As regards ruined castles, it fortunately happens that the mas- 
siveness of their construction enables them in many instances to 
offer a fair amount of resistance to the elements; and that the 
simplicity of their architecture causes them to lose less from mere 
decay than structures of a more decorative kind. Such is not, 
however, always the case; and I would most strongly press upon 
those who have the charge of those stern historical relics to guard 
them against the effects of time and mutilation; and upon anti- 
quaries and antiquarian societies to make periodical examinations 
into their condition, and to advise their proprietors as to such 
timely works of reparation and sustentation as may arrest the 
band of time, without tampering with theirantiquity: and if their 
natural guardians refuse the necessary protection, to raise funds 
by private subscriptions for the purpose. 

When we come, however, to ecclesiastical ruins, the case becomes 
infinitely more pressing. Unlike the great works of defence just 
alluded to, these edifices were not erected with a view to resisting 
any but the ordinary causes of destruction to which buildings are 
subjected. Their structure is comparatively light, and in prin- 
ciple trusts for stability to the nice equipoise of arches and abut- 
ments, and presupposes the protection of aroof. It is, therefore, a 
matter for wonder that, after more than three centuries of ex- 
posure, unroofed and uncared for, and though often used to supply 
materials for surrounding building, their ruined forms should, in 
80 many instances, have reached our time in a condition which 
enables us in any degree to appreciate their merits or their design. 

Happily, however, though great numbers of them have ceased 
to exist, very many precious remains are left to us; and these, 
instead of being, like those of castles, stern and almost E 
in their undecorated grandeur, are for the most part exquisite an 
highly-finished architectural productions, equally valuable and 
equally beautiful with our glorious cathedrals; and, in their own 
phase of art, as classic and as perfect, asthe remains of antique art 
which we so much cherish, 

Now, the two points to be considered are, first, can we expect 
these precious fragments to endure much longer? and, if not, 
what can we do to promote and prolong the continuance of their 
preservation ? : 
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On the first question I fear that the reply cannot be very satisfac- 
tory. Those who have for any considerable course of years been 
in the habit of revisiting any particular ruin, can scarcely fail to 
have observed how sensibly and how surely the course of decay, 
disintegration, and downfall has progressed, even where there has 
been no deliberate mutilation. The decay of the surfaces seems 
to have of late years redoubled its speed. I have revisited build- 
ings,—and icularly ruined buildings,—where twenty years 
earlier [ had been able to make minute sketches of delicate carved 
work, and found the carving now become unintelligible. In many 
of the best preserved ruins we find the surfaces of the mouldings 
and carving covered with an ever-fresh pulveruience. If you visit 
a building in this ex condition, after a hard winter, you are 
aure to find fresh spots where the details have fallen off through 
the recent frost; and: in every ruin there occur, from time to time, 
slipa and downfalls of greater or less importance; showing that, 
long as they have resisted the assaults of time and weather, there 
gre limits to their duration, and that those limits are by no means 
distant. 

How many of our ruined buildings have lost large portions 
within the memory of man. The Abbey of St. Augustine, at 
Canterbury, has lost its great tower within no very distant period; 
and I myself remember the newspaper notice of the fall of the 
central tower of Whitby Abbey, carrying away with it large 
portions of the surrounding building: indeed, such downfalls, if 
their statistics could be collected, would be found to reach an 
alarming number and amount; while theailent and yet more fatal 
De of decay isevery day and every hour eating into the most 

utifal and most precious architectural details. 

And how could it be otherwise, when walls constructed of small 
stone and rubble-work are exposed, with no protection but ivy 
and wall-plants, to the constant action of the most destructive of 
climates; when every shower penetrates the crumbling mass, and 
every frost has its full swing in its disintegation; and even the more 
solid stone, from being kept in a constant state of saturation with 
water, has every cause of destruction in full and continued opera- 
tion upon it, —and all this for centuries together ? 

Nor have these been the sole agenta of destruction. Many, 
indeed the great majority, of our noblest abbey churches, and 
even some cathedrals, have been taken down for the value of their 
materials; and those which were left as ruins were, for the most 
part, spared more because there was no market for their material 
than for any care for their preservation; and it naturally follows 
that they would become the quarries which would supply all the 
petty Pee aroan them. Perhaps the most remarkable case 
of this ia at Reading, where the walls of the abbey have been 
stripped of their ashlar, both without and within, and the rubble 
core only left; yet such is ita extraordinary strength, that it still 
holds together in perfectly solid and compact masses; and where 
fragments of the tower long since fell they remain to this day, 
protrnding from the ground at the same angle at which they first 
reached it, and look like masses of rock cropping out of the earth. 
This has been continued in many instances up to our own day; 
&nd even now itis occasionally found in a certain degree to hold 
good, as at Easley Abbey, in Yorkshire, where the lower part of 
the buttresses appear to have been comparatively recently pulled 
down, as being the parta most easily got at; while the upper stages, 
being out of reach, are left unsupported, and dragging over the 
walls which they were built to stay. 

For the most part, however, itis neglect and the want oftimely 
care which we have now most to complain of. I leard the other 
day of a considerable portion of a ruined abbey in Norfolk falling 
down, and this on the property of a great lord, who, I am sure 
would have taken proper precautions had his attention been called 
to it by anyone qualified to give an opinion. The proprietors of 
these melancholy yet glorious remains, though valuing and caring 
for them as picturesque ruins, frequently seem to forget their 
value as works of art; and to prefer risking their falling to pieces 
bit by bit, to the trifling interference with their picturesque effect 
which would be incurred by a little timely reparation. 

Now, what I wish to bring before you as the practical result of 
what I have been saying, is the absolute necessity for such re- 
parations, if we desire to hand down these precious architectural 
relies to our succesaors. 

In defining what the nature of such reparations should be, one 
may use the words of Mr. Ruskin:— 


“Take proper care of your monuments, and you will not need to restore 
them. ...... Watch an old building with an anxious care; guard it 
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as beat you may, and, at any cost, from the influence of dilapidation- 
Count its stones as you would jewels of a crown: set watches about it, as 
if at the gates of a besieged city: bind it together with iron where it loosens: 
stay it with timber where it declines: do not care about the unsightliness 
of the aid, better a crutch than a lost limb; and do this tenderly, and 
reverently, and continually; and many a generation will atill be born 
and pass away beneath its shadow. Its evil day must come at last; but 
let it come declaredly and openly, and let no dishonouring and false sub- 


‘stitute deprive it of the funeral offices of memory.” 


The great objects of such reparation are, protection against the 
enetration of water into the walls; support, to prevent downfall 
ion the failure of foundations, abutments, or the sustaining work, 
whatever it may be; and, lastly (if such a thing be found to be 
racticable) the preservation of the architectural details by some 
indurating process which will arrest their decay. None of these 
need, if judiciously carried out, materially or permanently affect 
the picturesqueness of the ruin: and I need hardly say that they 
must be done so as in no degree at all to infringe upon the authen- 
ticity and genuineness of the work. The case is wholly different 
from restoration; protection and preservation being the sole 
objects. 

t would, however, be dangerous even for such works as these to 
be carried out by ignorant persons. They demand the careful 
vigilance of the antiquary and the architect, to see that the value 
of the remains is not injured. It seems to me that there ought to 
be a kind of vigilance committee appointed for every district by 
our Institute, in conjunction with antiquarian societies, whether 
general or local; that these committees should not only themselves 
take every opportunity, whether collectively or by their individual 
members, of inspecting every architecturalruin within their dis- 
trict; but should take public measures for inviting information 
and suggestions respecting them; that they should from time to 
time report to the proprietors of such remains, and suggest what 
reparation is needed; and that they should take measures for 
obtaining funds for them when they find that such aid is necessary. 
They should also obtain permission to direct what is to be done, 
and to have a veto upon anything which would be injurious. 

For protectior againt the admission of wet from the top of the 
walls, much could be done by coating them roughly on the parts 
invisible from below with a concrete of cement and fine gravel; 
by resetting loose stones in cement; by filling in with the same 
material cavities and open joints, eracks, &c.; always taking care, 
as far as possible, to do this in a manner little, if at all, visible 
from below. In extreme cases, where arches threaten ruin, it 
may be desirable to go the length of erecting centres below, 
and rectifying them, and filling in the joints with cement. 

When any large mass of a wall threatens to fall, shores should 
be applied, the foundations examined and strengthened, if neces- 
sary, loose stones keyed in, open joints filled, and, in very bad 
cases, bonded; but this should be done under the eye of a person 
who has a feeling for the work, both on its own account and as & 
picturesque object, so as to avuid any unsightly tampering with 
the old work. The only cases where such is necessary seem those 
in which the shattered piers or walls are insufficient for the 
weight they have to bear. In such cases they must be underbuilt, 
buttressed, or propped in the same way. Here it will be best to 
make the uew work rough and of old materials, but in no degreeto 
mask it, but rather to make it manifest that it is only added to 
sustain the original structure. It is clear that in such cases it 
will be beat to call in an architect, provided he is one who has an 
earnest care for the conservation of the work, and a full apprecia- 
tion of the value of its authenticity. 

I may here mention that the west front of Croyland Abbey, 
which threatened immediate fall, has been of late rendered, as I 
hope, permanently secure by means of repairs, such as those alone 
suggested, carried out under the influence of the Lincolnshire 
Architectural Society. i 

The importance of applying to the finer details a preservative 
and indurating solution, if such is to be found, is almost as great 
as that of the upholding of the masses: the pulverisation of the 
surface seems in many cases to be going on at a constantly accele- 
rating pace, and threatens the speedy loss of the true forms of the 
miculdinga and the sculpture. At Fountains Abbey, perhaps 
the best cared-for of all these remains, I have observed the con- 
stant disintegration of the mouldings from this cause: if we could 
save them by such a process, it would be worth anything. 

In the interior of Westminster Abbey, I am gradually indura- 
ting the mouldering stone in its present state, and securing it 
(as I hope) from further decay; and it is not unreasonable to 
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bope that a process will be found which will do the same for 
external work. 

Besides, however, doing what is ible for the conservation 
of these invaluable remains, we ought also to see that there is no 
part of them which has not been thoroughly and carefully repre- 
sented and measured. I think a society ought to be formed, or a 
united effort made by different existing societies, for the perfect 
delineation of our ruined buildings, A deal has been done 
by Mr. Sharpe, Mr. Potter, and a few others; but the thing has 
never systematically been taken in hand. 

Now that we understand and appreciate the value of the re- 
mains of our ancient architecture, it is a standing disgrace to us 
that we allow them to remain without perfect and authentic illus- 
trations being made of the whole, and of every detail; and where 
itean be done without disfigurement, and without endangering 
the tender and pulverising surface, a cast should be taken of every 
carved and sculptured portion, which should be deposited in some 
permanent national collection, with a full description of the parta 
to which it belongs. 

Photography may also be most usefully brought to bear upon 
the subject, but must not be implicitly trusted to, on account of 
the uncertainty of its duration; but whatever the modes adopted, 
it will be monstrous if we allow the most valuable of our ancient 
architectural remains to become disintegrated, and their ex- 
quisite details lost, without having placed upon record perfect and 
absolutely authentic representations of every portion of them. 
Let us prolong their existence to the utmost limit, but, at the 
same time, provide against their diesolution by perpetuating their 
designs, in some form which will exist after the glorious originals 
have passed away, or become unintelligible from decay. 

I now come to the third class of ancient remains— buildings 
still in use. 

Here we come at once within the region of controversy, of 
animadversion, and regret; for here we have united in one all the 
causes of destruction and deterioration,—natural decay, neglect, 
wilfal destruction and mutilation, and the now so prevalent 
operation of over-restoration. 

I must beg, before I pose thatit may be clearly understood 
that, in any criticiams I may express on the course followed by 
others, I do not wish or expect to exempt myself from equal 
blame where I deserve it. Weare all of us offenders in this mat- 
ter; and to abatain from speaking plainly, lest we should be our- 
selves blamed, will be a course at once cowardly, and treasonable 
against those principles which one every day more strongly sees 
to be right, however conscious one is of continual departure from 


them. 

In fel rag of ruined buildings, I have fully and cordiall 
adopted Mr. Ruskin’s principle of mere sustentation. For suc 
remains it is clearly right, This, however, cannot be strictly 
acted upon in dealing with churches and other buildings still in 
use, Viewing them solely as original architectural remains, one 
would desire, were it ible, that the same abstinence from all 
bat mere upholding should be applied to them; but, in the first 
place, it ia clearly wrong to treat the houses of God as mere ar- 
chitectural specimens, to be stereotyped in their present state of 
mutilation and decay for our study and instruction; nor, if it 
could be proved right, would it be possible to convince their 
guardians that such a course should be followed; nor, in the case 
of houses and other secular buildings, to induce people to inhabit 
and make use of ruips to gratify our sentiments towards them. 

, It may then be laid down as an absolute certainty, that build- 

ings whose use is continued must be kept in, or put into, a seemly 

state of reparation; and it is, therefore, both our duty and our 

interest, instead of opposing what cannot be prevented, to do our 

best to lay down laws for ourselves, and suggest them to others 

d guides in carrying out the works which of necessity must be 
one. 

The great principle to start upon ig, to preserve the greatest 
possible amount of ancient work intact; never to renew a feature 
without necessity; but to preserve everything which is not so de- 
cayed as to destroy its value asan exponent of the original design; 
never to add new work, except in strict conformity with the evi- 
dences of its original form; never to mask over or smarten up 
old work for the sake of making it comformable with new; never to 
"restore" carved work or sculpture, but to leave it to speak for 
itself; and, generally, to deal with an ancient work as with an 
object on which we set the greatest value, and the integrity and 
authenticity of which are matters which we view as of paramount 


importance. 
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These principles, are, however, much more readily laid down 
than acted upon;—so much so, that to one who holde them, the 
process of restoration is one of continual disappointment, vexa- 
tion, and regret; for, labour as you will to act up to first principles, 
innumerable hindrances stand in the way of their realisation. 
Sometimes the stone is found to be so utterly disintegrated, that 
it is with the utmost difficulty—here a bit and there a bit—that 
you can trace out by laborious study what were the original de- 
tails; and to attempt to keep these bits seems as hopeless as to 
preserve a body which falls to dust as you look atit. Sometimes, 
when this is by no means the case, a barbaric builder or clerk of 
works, or an over-zealous clergyman, interferes in your absence, 
and destroys the very objects you have been most labouring to 
preserve. . ' 

A conscientious representative having been blamed for incurring 
extras in one place, makes up for it in another by introducing, 
hefore one is aware of it, a sweeping clause, which condemns 
oo of work one meant most religiously to preserve; and, 

rom one cause or another, one is always finding one's intentions 
more or less frustrated. Still, however, this is better than acting 
on no principle at all; or must be better than openly to advocate 
and act upon those which are decidedly wrong. 

However this may be, there is no doubt of the fact that our 
churches and old buildings are everywhere losing their value, 
through misdirected and reckless, or at least overdone restoration; 
that it is high time that some public protest be made against it, and 
some course adopted for its prevention; and that each of us in our 
own practice should institute a rigorous examination as to what 
he has done and is doing, with a view to a stern falling back upon 
true principles, that the churches yet unspoiled may yet be saved. 

Here, again, I would suggest the vigilance committee already 
hinted at. It could do much, though the works in this case are 
80 many, and so widely spread, that it seems impossible for all to 
be watched. 

After all, then, we must look to the architects employed. If 
they will not labour in the right direction, I fear there is but 
little hope: and yet, without some atern supervision, I believe that 
the majority of them will not do so; and, further, that they will 
always be able to adduce such plausible and practical reasons for 
their destructiveness as to convince their employers that they are 
in the right. 

I am, however, very uncertain whether we do not ali go upon a 
very wrong principle in our dealings with ancient churches. I 
conid almost wish the word “ restoration” expunged from our ar- 
chitectural vocabulary, and that we could be content with the 
more commonplace term “ reparation.” 

We have got into the way of assuming that the “restoration” of 
achurch must, in its own nature, be the signal for pulling it to 
pieces from top to bottom. Not only must substantial repairs be 
attended to, the foundations underpinned, the strength of the 
walls looked to, decayed timbers spliced or new ones here and there 
inserted, the most decayed stones carefully cut out and replaced, 
the covering made reliable, and the fittings put in seemly order, 
following and retaining every remnant of what is ancient, the 
stonework cleaned from its thick coatings of whitewash, and the 
roofs divested of the concealment of modern ceilings ;—but, 
beyond all this, everything must be meddled with; the seating all 
taken up, floors removed, plastering S ped from the walls; the 
whole church left for some months at the mercy of the elements 
by the removal of its roofs; windows which do not please the 
clergyman or the squire replaced with more pretentious ones—in- 
deed, the whole thing overhauled, and radically re-formed from 
top to toe. 

e all of us, however conservative our views, adopt something 
approaching to this as the normal and n view of a resto- 
ration; and the chief differeuce between us is that, if the architect 
be at heart earnestly conservative, the church comes out from the 
ordeal with a certain amount of its ancient self remaining, but 
with very much of a new garb, or very much of its ancient look 
and very many of its interesting ancient features gone; but if his 
feelings are not conservative, so much the more is there of novelty 
instilled, and so much the less of antiquity retained in the restored 
ehurch. 

Now this is really beginning to tell in a fearful manner upon 
the value of our ancient churches, and the interest with which 
one visits them. One perfectly longs after an untouched church, 
though one knows that the atate of them is by no means such as 
a man of good feeling can look at without shame. Still in them 
are found our old churches, as they have been traditionally handed 
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down to us. True itis, that the exterior is in part mutilated and 
even disgraced by barbaric alterations; yet one feels that the old 
work which remains is genuine and untampered with. True, the 
interior is coated with whitewash, thickened out indefinitely by 
the repetitions of centuries; but beneath it we know that the old 
stonework is as the very workman left it; and that, if carefully 
scaled off with one’s knife, we shall find the distemper decorations 
of perhaps two or three periods in its thickness. True, the roof is 
decayed, patched, and perhaps hidden by a plaster ceiling; but we 
know that its timbers were wrought by the very men whose archi- 
tecture we are studying; and that it is of the utmost value as an 
original specimen of their work. The floor, it is true, is sunken, 
worn, and patched with brick; but it contains the half-effaced 
` memorials of those who lived while the chuich was new, and when 
parts of it were being built; and in certain corners remain the 
ancient encaustic tiles. The windows again are filled with patched 
and irregular glazing; but in the heads of the lights are remnants 
of the stained glass which once filled the whole. The bells are 
prae cracked; yet on them yon will find the beautiful fretted 
rder, and the pious, though it may be superstitious, legend. 

And what is the state of a restored stareh The external 
stonework is in good repair, but the antiquity of its details is 
dubious. The windows are of nice chronological accordance, but 
they fail to tell the church’s history. The internal stonework 
has thrown off its coating of whitewash, but it has been re- 
worked, and all the toolmarks of the old masons scraped off by 
the unpitying drag, or chipped away and replaced by modern 
toolings; the plastering is done to perfection, but it projects in 
strange unnatural notchings round the stone dressings, and has re- 
placed what was a storehouse of the relics of old decorative paint- 
ing; the roofs are of sound oak, or display all the smartness of 
stain and varnish, but the old timber-work we valued is gone, 
and what now appears is not even like it. The floor is, perhaps, 
of the uniform neatness of a Staffordshire farmer’s kitchen, or, it 
may be, displays all the glories of encaustio tile; but the memo- 
-rials of the dead have perished, and the works of Mr. Minton (to 
which they have fallen victims, have scornfully ousted those of 
his teachers, while the local patterns of old times have given way 
to those which one now finds stereotyped from one end of the 
country to the other. The windows are nicely glazed with cathe- 
dral glass, and some of them with stained glass of reasonable 
merit, but the one has thrust out the fragments of ancient glass- 
painting, while the other has scorned all endeavour to follow out 
and take example from their designs. The bells have been 
capitally recast by Mears and Warner, and their tones are, no 
doubt, musical; but if you go up to look at them, you find the 
ancient fretted border replaced by some vulgar beadings, and the 
pious and beautifully lettered legend by the names of the founders 
and the churchwardens, in lettering which would do honour to a 
haberdasher’s shop front. 

This is a fair statement of an average church restoration; but 
there are many worse, as well as many better cases. The í ma- 
jority, I grieve to say, are very far worse. We find in some of them 
reckless and often ignorant and senseless destruction of old work, 
united with an intense want of feeling in all that is done anew; 
80 that the church has become equally sickening from what it has 
lost and what it has gained. In others, again, we find an utter 
blank of interest—a church reduced to a state of unredeemed 
lukewarmnesa. I have recently been especially struck, in making 
a little tour, with the prevalence of this last-named type among 
restored churches: a nauseating blank,—neither pee tat inter- 
esting left, nor anything good introduced; and yet I was self- 
condemued at considering that the process, viewed as a whole, 
was much the same as that we are all in the habit of applying to 
our restorations, the chief difference lying in the degree of conser- 
vative feeling and of artistic skill with which it is applied. My 
great perplexity is to decide whether our entire system should be 
reconsidered and altered, or whether the whole question is one of 
details and of individual cases, each to be decided on its own 
merits. 

Now let us consider for a moment what should be the beau-ideal 
of a restored church. : 

First of all, we have all its structural dilapidations so far 
repaired as to secure it against actual danger, and to insure 
its stability. The external stonework would be so far repaired 
as is necessary to bring out the architectural forms where se- 
riously decayed and mutilated, and to render the structure of 
the walla sound and durable. This wonld be done, not on a 
wholesale principle such as could be described in a specification, 
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but ina tentative and gradual manner: first replacing the stones 
which are entirely decayed, and rather feeling one's way, and try- 
ing how little wil do, than going on any bold system. Every 
new stone will thus be a perfect transcript of that which it re- 
places, and this will, as far as possible, extend to its dimensions 
and the mode of workmanship; for there is a character even in 
the proportions of ashlar stones,—still more in the mode of work- 
ing them. Where a part is wholly or in any great degree want- 
ing,it is questionable whether it would be supplied beyond the 
extent of existing evidence; when later features have been in- 
terpolated, it is yet more questionable whether they would be 
removed: such questions must depend upon circumstances, such 
as the merits of the original and the interpolation, and upon the 
question whether the latter is in & state to demand thorough 
reparation, and whether the original features preponderate and 

ive their character tothe building. Such questions, too, would 
have been entered upon with a strong leaning against alteration; 
and this would show itself clearly in the result. 

The interior would, it is true, be diveated of its whitewash; 
but where this would not come off by fair means it will be more 
or less left on, for a little discolouration of the stone is of in- 
finitely less moment than the obliteration of the ancient tooling, 
so that in cleaning it no hard tool must ever be brought to bear 
upon its surface. Where the stonework had been coloured or 
decorated in distemper, the traces of this would be preserved with 
a loving care, no matter how indistinct or fragmentary they may 
be. 


The plastering may to some extent be renewed; but wherever 
the old colouring could be preserved portions of the plastering 
would be left, and the new would be, like the old, thin, and not 
peieor beyond the stone dressings. The roofs, if ancient, will 

ave been studiously repaired, so as to preserve every fragment 
which can be made to do ita duty, even though the roofa may not 
be of the original date or pitch. 

The floor, though levelled and made free from damp, will retainall 
ite monumental slabs in their true places, and the rernainder will 
be made in a great degree subordinate to them, and of the mate- 
rial which, so far as can be ascertained, was before used, whether 
stone or tile. If old encaustio tiles remain, they will receive all 
due honour and protection, and new ones will be founded on their 
Panne ac 1l probably be th t of such parts of 

e seating will pro e anyi out of suc 

the old tien die x eii have remained, al old screena, &c. &c. 
being carefully preserved, and that in their own proper places 
Where ancient features, as niches, &c., have been ruthlessly de- 
stroyed, they will have been carefully traced out, and either ex- 
posed to view and left to speak for themselves, or, if sufficient 
traces are left and fragmenta found (which is often the case) to 
warrant it, they will have been studiously and with religious 
accuracy restored to their original forms, no old part being dis- 
turbed, and every old fragment worked in. 

The fragments of old stained glass would retain each its own 
place, and if new glass be in uced where such remains exist, 
it will be made to carry out the design which they suggest. Ina 
word, the old church will, by a studious and tentative process, 
have been brought into a seemly state without any smartening up 
of old weather-beaten surfaces, and without any loss of ancient 
or traditional character; while in such fittings or neces, fea- 
tures as there was no ancient guide for, it will be felt that the 
restorer united the ability to carry out the spirit of the old work 
with a desire to limit himself to the smallest possible sphere in 
the exercise of it. 

This seems the true ideal; but, as I have before said, it ie by 
no means easy, and often impossible, to realise it. The extent 
and intensity of the decay of the materials, the shattered con- 
dition ef the walls, the extent of barbarous mutilations, and the 
necessity for enlargement or other peu alterations to meet 
present wants, all militate more or less against it; yet the ideal 
suggests the spirit in which the work ought to he undertaken, 
even when it can only be partially attained; and I fear that it is 
not by any means the spirit with which such works really are 
undertaken. On the contrary, it seems as if many promoters of 
restoration, aud those they employ, laid themselves out to destroy 


. interesting features, even when a general restoration is not car- 


ried out. I passed the other day through a village (Edenbridge, 
in Keut) where a few years before I had sketched a window of 

at peculiarity, such as I had only seen one other instance of; 
it was one whose tracery was arranged especially to give soope to 
a crucifixion in the stained glass. I went to look at it agaia, 
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when, to my dismay, I found that it had been singled out from 
among all the windows in the church for destruction, and a 
window of the vulgarest form subetituted. Again, in a church 
near Reading there were many beautiful remains of painted glass 
of the beginning of the fourteenth century, in the heada of the 
window lights, which I took much trouble to get tracings of. 
The ch was “restored,” and they all disappeared. 

The noble church of Cley-upon-Sea, in Norfolk, had, when I 
saw it three or four years back, an original roof of the fourteenth 
century; certainly much decayed. It haa now, I hear, been re- 

laced by one of the meanest and most contemptible kind, not 
ving the smallest reference to ita ancient type. Wherever old 
freecoes are found, the clergy set themselves especially against 
them. Ina church I was myself engaged upon in Cheshire, the 
whole walls were found covered with large figures and other deco- 
rations of a most interesting character. Their destruction was 
decreed. I interfered, and threatened the builder’s foreman with 
dismissal if he carried out the sentence; but they cleverly al- 
lowed the question to go by default, and let them be destroyed by 
exposure to rain, while the roof was uncovered. In another place, 
the gentleman who paid for the restoration set himself earnestly to 
preserve a most remarkable fresco; but, while his back was 
turned, a workman, supposed to be bribed by another parishioner, 
chiselled it off. Even at Eton College, where the walls above the 
stalls were found to be covered with two ranges of oil-paintin 
in the manner of the Flemish school of the fifteenth century, the 
Fellows of the college had one whole range chiselled off from each 
side of the chapel, and the «ther range concealed by canopies 
which had never existed on the old stalls. This act of Vandalism 
I saw myself being perpetrated. And so it is all through the 
country; the moet interesting features of our old churches are 
being weeded out through the carelessness, the prejudices, or the 
deliberate barbarism of those who have to do with them. Nor 
can the architect in all instances prevent this. J have now a 
church in hand where, an enlargement being neceasary, I had 
arranged it with special reference to preserving a curious frag- 
ment of extreme antiquity; but the builder, who could not con- 
ceive why so scrubby a bit should be retained, took it down, ask- 
ing no questions, and, in spite of my earnest remonstrance, has 
me on finding one bit after another of old work to be too 
gone for retention, and has let the old wall-painting, for which 
the church was celebrated, perish from exposure; indeed, having 
no clerk of the works, I was obliged to threaten the builder with 
extreme severity to induce him to spare anything at all. The 
fact is, that unless one is always at the spot, or has there a repre- 
sentative imbued with the right feeling, there is little chance for 
a building when once any portion has to be rebuilt; and some- 
times, I fear, when the architect is on the spot, he does much the 
same thing, and perhaps even avails himself of his proximity to 
press with the greater success his anti-conservative suggestions 
and arguments. I will here offer a few suggestions which may 
ibly be of some utility. 

1. T have found it in some degree useful to have a code of rules 
and suggestions drawn out and lithographed, for the guidance of 
elerks of the works and builders who are engaged in restorations. 
I take the liberty of laying one of these papers on the table, but 
will mention that they are of little use, unless constantly pressed 
personally upon the attention of the parties concerned. 

2. The great enemies to careful restoration are contracts. The 
best course would be to carry them out by day-work, feeling one's 
way in the most timid and careful manner, and always striving 
to do as little as is practicable. When contracta are necessary, a 
series of small contracts is better than one general one. 

3. It is highly desirable to avoid uncovering a roof all at once. 
When re-roofing or recovering the roofs is necessary, it 13 best 
to do it in Evi parte, and keep the rain out by temporary expe- 
diente as you go on. 

4. It is often the case that the exterior of window tracery is 
hopeleasly destroyed, while the internal half remains sound. In 
such cases I hold the proper course to be the renewal of the outer 
half alone, attaching the new work by plugs and cement. We 
thus retain one-half in its original form, and insure the correct- 
ness of the other half. 

5. Patching and piecing, if done carefully, are infinitely pre- 
ferable to more wholesale renewal. The various cements which 
we have at our command enable us to introduce the smalleat 
pieces into decayed or mutilated mouldings, which was formerly 
impracticable. Where the injury, however, is unimportant, it is 
better to leave it untouched. 
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6. Never trusta clerk of the works orany unpractised hand, to 
obtain the sections of mouldings, or the forms of other features to 
be restored. Jt is often difficult enough to persons whose e 
and whose instincts have been sharpened by the habit of studying 
ancient features through a long series of years; to those who have 
had no such advantage, it is simply impossible, and one need not 
be astonished to find them, even with nearly perfect copies before 


them, producing forms scarcely reerupiing the original at all. I 
have often known them, even when they have passed a saw-curf 


(according to their somewhat barbarous enstom) through a mould- 
ing, and ruled off its section, produce a result totally at variance 
with the old moulding. 

7. Where an ancient feature has been destroyed, never attempt 
ita restoration till the parts round where the original existed have 
been thoroughly opened out and explored, and, where possible, 
in your own presence, Old fragments are in such cases nearly 
always discovered, and usually in great abundance and near their 
proper sites. , 

hus, fragments of a destroyed window are usually found in the 
wall which blocks up or surrounds the old opening. Blocked up 
niches, sedili, or piscine, commonly contain each their own 
debris. Often, however, these are not quite sufficient to perfect a 
design, and the skill of the architect is taxed to the very utmost 
to judge what the rest would be. This resembles the labours of 
the Taisono ist, who reconstructs the skeleton and the animal 
from a few broken bones; and, as in hia case, the work is impos- 
sible to any but one thoroughly acquainted with his subject. —— 

This is, indeed, a most important branch of the subject, and is 
by far the most interesting and cheering phase in restoration. In 
the hands of an experienced and painstaking restorer, it often 
happens that a design which had been almost utterly lost is in a 
very great measure recovered; but this can only be done by long 
and patient study of the fragments discovered; and the wor 
should be indefinitely postponed, until these can be thoroughly 
explored and thoroughly studied. Too much stress cannot possi- 
bly be laid upon this. It is the very pith and marrow of restora- 
tion. If neglected it is destructive to the work, though if carried 
out fully it is the great redeeming fact which compensates for 
many of the annoyances which restoration involve. 

In such cases all the fragments which can be by any means 
grafted into the restored work, shonld be brouglit in at whatever 
cost. In difficult cases let the architect stick to it hard and fast, 
until hie difficulty is solved; and let him set as lightly as possible 
by the conjectural theories which, one by one, occur to him, for 
he may almost depend upon it that they are wrong. With the 
single exception of Professor Willis, I never met with a man 
who could make guesses on which a moment's reliance could be 
placed. He does so simply because he has a wonderful intuitive 
power of putting together evidence in his mind, which few pos- 
sess, and still more because he never makes a guess until he has 
collected and thoroughly weighed his evidence. He has swarms 
of imitators whose practice is the very reverse. To begin with, 
they only half understand their subject, and they build upon this 
defective foundation a superstructure of guesses running ahead of 
the evidence, and adhered to religiously after proof has been found 
of their fallacy. : 

To those who have not such intuitive perceptions, the only 
course is not to guess at all, or to set so loosely by your theories, 
that they may, one by one, go to the winds without a moment's 
regret, as fast as adverse evidence presents itself. I remember 
once investigating the design of a very much altered and mutilated 
window, when, after constructing a most satisfactory theory, a 
little bit of evidence turned up, which not only let it all down 
with a run, but involved the whole question im new obscurity. 
An excellent young assistant who was with me, exclaimed, in a 
fit of impatient vexation, that he wished to goodness we had not 
found that nasty feature, for it had spoiled all our work. I 
replied, “ Never regret evidence, however vexatious; for depend 
upon it, it must lead to a right eonclusion, or, at least, prevent 
wrong ones.” However, I could not at the time see my way 
through it; but some time afterwards, while away, a new thought 
occurred, and I went back and told my assistant, that if, on cut- 
ting into the wall at a certain point, he found a certain feature, I 
could unravel the whole mystery. This was searched for, and 
found, and the whole of the evidence at once fell into its place; 
and the only remaining wonder was, how we could have been so 
atupid as not to think of so ubvious a thing before. At other 
times, however, the result is so completely different from what we 
could possibly have anticipated, that one's wonder rather ia, how 
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one could have ever been so conceited as to venture upon any 
conjectures at all. 

othing can be more delightful and instructive than this class 
of investigation. One sometimes finds objects of the greatest 
interest, and unfolds designs of the greatest beauty and originality, 
of which not a trace an before visible. Were it not for this, the 
work of restoration would be almost unmitigatedly painful, from 
having constantly to meddle with and to replace genuine but 
hopelessly decayed work: these discoveries, however, and the 
beauties they unfold, afford a delightful and consolatory com- 
pensation. , 

How doubly distressing, then, is it to see evidence of this kind 
discovered, but ignored and destroyed, without one hint being 
taken from them, as is too often the case ! 

After animadverting, however, upon our own misdeeds, I 
think I may be excused in speakingsomewhat plainly as to the fear- 
fal loss of authentic work ofthe most precious, indeed of the most 
inestimable, value, which is going on throughout the length and 
breadth cf that country which boasts itself to have been the birth- 
pes of Pointed architecture; and where, if that high claim can 

established, it follows, as a necessary consequence, that every 
original fragment, and every authentic detail, or—more correctly 
speaking—tbe originality and the authenticity of every fragment 
and every detail, should be guarded with a jealousy proportioned 
to their value as the most trustworthy and the most genuine illus- 
trations of the rise and development of that wonderful style of art. 

Itis perfectly inexplicable to me, how the very same persons 
can at one time bring cogent arguments to prove that their country 
was the nursing mother of Mediæval art, and at the next should 
deliberately, and without necessity, take down from her noblest 
architectural monumenta original details of the most exquisite 
description which imagination can picture, and which have suffered 
comparatively little from time, and replace them by modern 
copies, Yet this is the course of proceeding going on from one end 
of France to the other—and that, not by one architect in particular, 
but, in a greater or less degree, by all the architects who are 
engaged in the restoration of the ancient monuments of France. 

n that country we have to applaud the generosity of the Go- 
vernment in undertaking on so munificent a scale the restoration 
of its ancient architectural remains. We have not, as sometimes 
with ourselves, to lament the employment of persons of dubious 
capability; for the works are generally in the hands of men of 
the greatest eminence, and of undoubted skill and knowledge: 
nor have we to complain of any want of artistic power in the 
carrying out of the works; for in this we must acknowledge our- 
selves to be in many cases surpassed. What we have to lament, 
to deprecate, and to protest against is, that inexplicable absence 
of appreciation of the value of the authenticity and of the actual 
bond fide genuineness of old work, which leads them to reject 
without scruple or remorse the most charming original work for 
some mere trifling defect, and to feel perfectly satisfied with a 
copy which, however skilful, must be lifeless from the very fact 
of its being a copy; and which, even if as good as the original, 
must be utterly devoid of the interest and historical value which 
attaches to it. The extent to which this feeling, and the course 
which results from it, extends itself is as lamentable as it is in- 
explicable, and absolutely threatens to replace half of the ancient 
monuments of the country by mere copies of them. True it is 
that these copies are admirable in execution, and careful and 
studious in their correctness; but who cares for a copy if he can 

et the original? or who will ever look at the details of the 
nch cathedrals as exponents of Mediæval art when they know 
them to have been executed in the nineteenth century? And it 
is not the examples of Puiuted architecture alone which are being 
thus tampered with, but even the curious Byzantine remains in 
Southern France, and the Classic monuments at Nismes. When 
I was preparing, some time since, a lecture for the Royal Aca- 
demy on the rise of Pointed Architecture, I had a great desire to 
see a drawing of any capitals which might exist at Perigueux; 
and, on making inquiry of a friend who had just been there, he 
said, “Oh! I could have got you one if I had known, for the old 
ones were lying about among the old materials.” One hears a 
story of an American who, after looking at the new works always 
going on at the Colosseum, remarked with very just irony, “It’ll 
e a very fine building when its finished? And I learn from 
our excellent secretary, Mr. Lewis, that the very same thing is 
going on now at the Amphitheatre at Nismes! 

Even Carcassonne, so famous and so interesting as a city, almost 

deserted before the close of the Middle Ages, and consequently a 
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wonderful genuine specimen of a Mediæval city, is, as I learn from 
Mr. Lewis, being renewed and made into a (no doubt very learned) 
model of that of which it was the dilapidated original! 


A visit to the Hotel any affords a practical commentary upon . 


this system of restoration by renewal We see there capitals 
from the Sainte Chapelle of an exquisite subtlety of conception 
and sculpture, such as to bid defiance to any one who would 
think of transferring their spirit to a copy; and yet thrown aside 
and laid on the grass-plot, in all weathers, though to the casual 
observer almoet as am as if new: one sees there the real angels 
whose counterfeits blow the trumpets of the Resurrection over 
the great portal of Notre Dame: one sees the central pillar of 
one of the same portals looking nearly as well-conditioned as its 
modern supplanter: one sees also balusters from the parapeta of 
the Sainte Chapelle as good as new; and many other exquisite 
details rejected from the restored edifices, one knows not why. 
The stoneyards near many cathedrals tell the same story; indeed, 
wherever a great restoration is going on, you may see the genuine 
old details, often scarcely corroded by time, lying in rejected and 
neglected heaps hard by. 

ow let me ask, in the name of good sense and good feeling, 
why the great learning, skill, and judgment of the often illustri- 
ous architect to these works is not rather directed to the conser- 
vation in situ of every fragment of the noble architecture which 
they understand so thoroughly, rather than to its supplantment 
to make way for mere copies, which, however admirable, possess 
no real value as genuine exponents of the style? If they would 
take the contrary course, I can aver without fear of contradiction, 
from the talent and learning they display, that their works would 
be worthy objects of the pride of their own countrymen and of 
the gratitude and admiration of every lover of Mediæval art, in- 
B of being, as now, causes of regret and disappointment to all? 
But, it may be asked, what business is this of oure? Why do we 
not correct our own errors, and leave architects of other countries 
to do as they like? I reply, that the French architect and art- 
historians, by showing (whether we fully admit it or no) that 
theirs is the motber country of Gothic architecture, have thereb 
made its production the property of Europe and of the world; 
and that, on their own showing, all lovers of Gothic arehitecture 
have an almost equal claim upon them for their authenticity and 
their conservation. 

I have dwelt so long upon the principal heads of my subject 
that I must but slightly touch upon that which remains: I mean 
the preservation of the miscellaneous remnants of antiquity which 
form my third class. 

These are, more than any other, subjected to the constant in- 
roads of Vandalism. Even the reverend conservators of our cathe- 
drals care little for the fragmentary remains by which they are sur- 
rounded; and often rather wonder at the weakness of those who 
lift up their voices in their favour. The very same men who take 
an enlightened interest in the preservation of every portion of the 
church, cannot be brought to care about the equally. interestin 
though simpler structures, whose vestiges are intermingled wi 
their own residentiary houses; and would have no scruple in 
destroying the most interesting antiquities to provide for some 
passing matter of convenience. 

At Worcester it is only a few months since the ancient Guesten 
Hall was threatened with destruction. At Ely the huge Abbey 
Barn was destroyed only a few years back; and nearly every where 
the same spirit may be found to be at work. It is the duty of an 
Institute like this to protest against it, as they have lately to their 
honour done in several kindred cases. 

One can hardly expect better things of a town council, when 
chapters of cathedrals set the example; but one must, in passing, 
protest against the deliberate barbarism which has within a few 
years destroyed the curious old town-halls of Hereford and Leo- 
minster. 

Our country villages, and the country itself, are full of small 
fragments of ancient architecture, often not of very early date, but 
of most valuable character, and which are every day threatened 
by the hand of innovation. I refer not only to works of high an- 
tiquity, but to timber houses, old brick (or other) chimney shafts, 
old Galle hoaia of stone or brick, and a thousand other fragments 
of old buildings, which add so much to the character of our vil- 
lages, &c., and are also so suggestive for rural architecture. These 
ought to be jealously preserved and watched by those who have 
it in their power to do so. Village and churchyard crosses, the 
remains of old domestic architecture in our towns and cities, old 
manor-houses, hospitals, schools, colleges, &o. &c., and a thousand 
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other classes of building, demand equal care; and, last of all, I 
would mention old bridges, which are far more numerous than one 
would suppose, and which are lees seen than most classes of anti- 
quities, from the fact that we pass over, and therefore cannot get a 
view of them. These have very frequently been preserved intact 
on one side, and widened on the other: a process one cannot object 
to, as the roadway which they provide is usually too narrow for 
our present uses. Though not great engineering works, they have 
a noble character, and occasionally attain to considerable span— 
as in the case of one at Durham, which approaches 100 feet. 
Amusingly enough, a modern engineer, in widening it by an arch 
of the same span, has failed in making his work stand so well as 
the old one. 

I have however made my paper far too long, and must sum up 
briefly, as follows:— 

I. Our old architectural monumenta are of the utmost value and 
interest to us as Englishmen and as architects; and their conserva- 
tion is a matter of vital importance. . 

IL What with neglect, Vandalism, natural decay, and ill-judged 
restorations, the existence, the integrity, or authenticity of these 
invaluable remains is threatened from all sides; and fearful in- 
roads upon them are every year being made. 

And finally, it is the paramount duty of an institution such as 
ours—the only one of a permanent character by which architec- 
ture is represented—to take the initiative in laying down, in con- 
junction with other architectural and antiquarian societies, a code 
of rules for the treatment of buildings requiring restoration; 
and to take such measures as their united wisdom may suggest to 
promote the true, faithful and authentic conservation of these 
monuments and remains. 

In conclusion then, I beg to propose that a standing committee 
be appointed for this purpose; and that they be empowered to act 
in conjunction and to communicate with other societies, with a 
view to secure their co-operation in carrying out this most impor- 
tant object. 

————J,9—————— 


THE STATICS OF BRIDGES.* 
IIL—Te Suspension Chain. 


Tae chain and the arch have so much in common, that the 
study of either furnishes considerable light as to the properties of 
the other. Yet they present such marked points of difference that 
each must be separately examined. A comparison of results will 
show that the law of equilibrium is essentially the same in the 
two cases, and that the distinction lies in the mode of ita opera- 
tion; the reaction of the arch arising from compression, and that of 
the chain from tension. 

If the true Line of Pressure of a wrought-iron arch-girder were 
determined—by a process which we have not yet brought for- 
ward; and if the girder were then turned upside down and em- 
ployed as a tension rib, the same Line of Pressure (inverted) 
would apply, and all the forces of reaction and tranaverse strain 
would remain, changed in quality, but nearly unaltered in inten- 
mity and distribution. Here we have only to convert compression 
into tension, or vice vered, and the investigation of the one case 
applies equally well to the other. 

jut in comparing an ordinary arch with an ordinary suspension 
chain there is another point of difference. The chain possess the 
Property of perfect flexibility; or (since even a girderis flexible) we 
may rather say that the chain is altogether devoid of rigidity. 
To the arch, on the other hand, more or less ri idity is essenttal. 

Tension leads the chain into the form adapted to the load, and 

causes it to settle in a position of stable equilibrium. Were the 
loaded chain inverted, so as to stand as an arch, the form remain- 
log unchanged, equilibrium would still exist, but it would now be 
instable instead of stable. An arch must therefore possess 
rigidity, since without this the compressive forces would at once 
enpple it. It would be neither capable of adjusting itself to the 
curve of equilibrium, nor even of maintaining itself in such & 
curve under the slightest disturbance. Permanence of form, 
secured by rigidity, becomes therefore necessary in the arch; and 
its Line of Pressure is a purely theoretical curve, rather governed 
by than governing the constant and determinate form of the struc- 
tare. To the common suspension chain, on the other hand, 
mutability of form is essential, all that is needed bein simply 
to leave the chain free to adjust itself; and the Line of Pressure 


* Continued from page 849, vol. xxiv. 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


47 


becomes no longer a mere theory, but the actual outline of the 
structure for the time being. 

The study of the catenary is in this respect less ideal and more 
tangible than that of the arch. But although thus in a general 
way simpler to apprehend, it is beset with two peculiar difficulties 
of detail. The first, that we have to consider the length as well 
as the form of the chain. The second, that a disfigurement of the 
curve alters to some degree the distribution of the load. Neither 
of these difficulties attend the investigation of arches, because in 
them the form of the structure is constant and perfectly distinct 
from that of the Line of Pressure. 

These remarks will make it apparent why the chain demands a 
separate and special investigation. Upon this we now propose to 
enter, keeping the line of argument parallel, as far as practicable, 
with that made use of when discussing the arch. And this even 
at the risk of some seeming repetition. 

It has been seen in a previous section that if as in Fig. 5 (vol. 
xxiv. page 61) a weight W be suspended from the junction of two 
bars or links, as AB and BE, opposite moments will be induced 
in the links, the tendency of which is to part the links at B and 
to draw in the piers P, Q. Equilibrium can only result when thia 
tendency is effectually resisted. The resistance or reaction 
causes horizontal strains at A, B, and E, which are accompanied 
with a tensile strain on the links. 

The link BE being free to turn at Band E, the tension must 
be in the direction of its length BE; and (neglecting the weight of 
the link itself) the tensions at Band E must be equal: both these 
suppositions being essential to the equilibrium which is assumed 
to exist. 

Resolve the tension at B into RB horizontal and ER vertical: 
then ER must be equal to that portion of the weight W which 
derives its support from BE; again, the reaction of the pier at E is 
equal to this tension and in an opposite direction, and resolvable 
into BR horizontal and RE vertical. 

There are thus acting at the points B and Ea couple of vertical 
pressures and a couple of horizontal pressurea, The vertical pres- 
sures have a leverage proportional to BR, and are each equal in 
amount to RE. Their movement (measured by BR x RE), is 
the movement resulting from the action of the portion of the 
weight W which derives its support from E tending to depress 
the link BE. The horizontal pressures produce a moment of 
reaction also measured by BR X RE, the leverage being pro- 
en to RE, and the amount of each pressure being equal 
to 

By treating the pressures operating on the link AB in asimilar 
way, it will be seen, that the horizontal strain at A is equal to that 
at B, and consequently equal to that at C. In other words, the 
horizontal strain is everywhere the same. And the amount of 
this horizontal strain must be such as to give a moment of reac- 
tion for either link opposite and equal to the moment induced in it 
by the load. 

These two principles, namely that the horizontal tension is 
everywhere the same, and that the moments of reaction are equal 
to the movements of the load, are of universal application, and 
govern the equilibrium of an assemblage of links, or of a chain, as 
well as that of the simple arrangement that has just been ex- 
amined. This may be shown in more detail, as follows. 

In Fig. 28 a set of links, 1 2, 23, 3 4, and 4 5, are shown, hang- 
ing from the piers A and B, and connected with these piers and 
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with each other by pins round which they may turn freely; 
weights,* wp w, and w, being hung from the pins 2, 3, and 4: the 
links are supposed to have settled in the position of equilibrium. 

This being the case, the tension of each link must be in the 
direction of itsown length. And since equilibrium existe in every 
part of the system, the pressures acting on the pin 2 must be in 
equilibrium. These pressures are three, namely, the opposing 
tensions of the links 2 3 and 21, and the vertical pressure of the 
weight w,. 


* In this case the linka are suppoecd either as ha: po weight, or as ha their 
weight included in w,, w,, and w,. in us ving 
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These pressures must therefore be as the sides of the triangle 
120, of which the sides 20 and O1 are parallel to the links 23 
and 21, and the remaining side 12 is vertical and of a length 
representing the weight w, The lengths 20 and 01 will there- 
fore measure the action and reaction corresponding with the 
tensions of thelinks 23 and 21. In other words, the reaction of 
the link 2 1 is equal and opposite to the resultant of the action of 
the weight w, and the tension of the link 23. Again, the pin 3 
must be in equino under the three pressures arising from 
the tensions of the links 3 2 and 3 4 and the action of the weight 
w, These three pressures must therefore be as the sides of a 
triangle drawn parallel to their directions. One side of this 
triangle we have already, for the reaction of the link 32 on the 
pin 3 must be equal and opposite to its actiou on the pin 2, and 
must therefore be represented in magnitude and direction by the 
line02. The other two sides are found by drawing 30 through 0 
parallel to the link 34, and producing the vertical line 1 2 to 
intersect 03in 3. 230 will then be the triangle of pressures: 
the tension of the link 3 4 will be measured by the side 30, and the 
weight w, by the side 23. 

In the same way, if the line 40 be drawn parallel to 45, meeting 
the vertical line 1 23, produced in 4, 34 will represent the weight 
w, and 40 the tension of the link 45. 

This diagram makes it clear that the horizontal strain is every- 
where the same; since the horizontal strain on any link is equal 
to that on the adjacent links For instance, the tension of the 
link 21 is measured by the line O1, equal and opposite to the 
resultant of the tension of 23 with the vertical pressure w, The 
tensions of 21 and 2 3 must therefore have the same horizontal 
element, the only difference being in the vertical element, which 
(for 23) is increased by the weight w,. 

Draw the horizontal line OH. OH will represent the constant 
horizontal strain. 1 0 measures the action of the link 12 on the 
pier A, and is resolvable into 1H (the portion of load borne by 
this pier) and HO (the horizontal strain); O 4 measures the action 
of the link 5 4 on the pier B, composed of H4 (the portion of load 
borne by B)and OH (the horizontal strain.) The resultant of 
the reactions of the two piers is therefore 4 1, equal and opposite 
to the downward pressure of the load. 

Resolving 0 2into OH and H2, and 3 0 into HO and 3H, it will 
be seen that the weight w, (— 23 in the diagram of pressures), 
&t the lowest point, is supped partly by the vertical action H2 
^j the link 32, and partly by the vertical action 3H of the liuk 

4. 


The diagram of pressures proves that the strain on each link is 
the resultant of the whole weight supported bv it (measured 
from H where the load divides) and the horizontal strain. 

The portion of load supported from the pier A and carried 
by the links 1 2 and 2 3 has a downward moment about A, which 
is counteracted, as was seen in the simple case of the two links in 
Fig. 5, by the resistance of the links to extension and the 
horizontal reaction of the pier. It is this which causes the hori- 
zontal strain. The horizontal strain must therefore be just suf- 
ficient to give a moment of reaction equal to the moment of the 
portion of load hanging from A. 

This moment of reaction is equal to the horizontal strain HO 
multiplied by the leverage or rise from 3 to 1, which is the same 
as the line 3c in Fig. 29. 


If therefore 1 ii. iii. iv. 5 Pea, 
in Fig. 29 be the curve of € 
momenta, HU x 3c must 

be equal to iii. c. 


in, since 12 is in 
equilibrium, the reaction- 
ary noment of this link 
must be equal to the mo- 
ment of the correspond- 
ing portion of the load. 
This reactionary moment 
is equal to HO multiplied into the leverage 2b. Therefore HO x 
25 must be equal to ii.b. In the same way it may be shown 
that HO X 4d muat be equal to iv. d. 

In fine, the ordinates of the curve of equilibrium are propor- 
tional to the ordinates of the curve of moments, the constant pro- 
portion determining the amount of horizontal strain. 

The simplicity of this result is due to the constancy of the hori- 
zontal strain. The strain on every link being resolvable into the 
weight supported and the horizontal strain, the former enters into 
the moment of action of the loud (as found by the process given 
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in Section L), leaving the latter alone to enter into the moment of 
reaction. 


The equilibrium of a loaded chain depends on the same princi- 
les as the equilibrium of an assemb of links such as shown 
in Fig. 28. The number of links may be conceived to be indefi- 


nitely increased, and the length of each link indefinitely reduced, 
the weights t» w,, and w, being correspondingly divided and 
distributed, until the curve of moments, instead of consisting of a 
few straight lines, becomes as nearly as possible a curve in the 
usual sense of the word: but it will still hold good that the ordi- 
nates of the curve of the chain are proportional to those of the 
curve of momenta, and that the horizontal tension is everywhere 


ual. 

Take for instance a loaded chain or cord AQPB (Fig. 30), and 
let AgpB be the curve of moments of the load. Take any two 
points (as Q and P) in the chain, and let VQand VP be the direc- 
tions of tension at Q and P. Let W be the load distributed over 
the chain from Q to P, the centre of gravity of W being some- 
where in the vertical line GV. 

The portion of chain QP is then in equilibrium under the fol- 
lowing pressures:— 

I. Tbe tensions at Q and P, in the directions VQ and VP. 

II. The vertical pressure W, which, as it affects P and Q (with- 
out reference to the form assumed by the intermediate chain), 
may be considered as acting in the vertical line GV, passing 
through the centre of gravity. 

There are therefore three pressures in equilibrium, namely, the 
tensions at Q and P, and W. Theirdirections VQ, VP and GV 
must therefore (as drawn) meet in one point V. . 

Construct the triangle POQ to the scale of weights adopted for 
the curve of momenta, having the side QP vertical and of a length 
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representing W, and the sides PO and OQ parallel to VP and 
VQ. PO must then be the measure of the tension at P, and OQ 
the measure of the tension at Q. 

The horizontal elements of the tensions at Q and P must there- 
fore be of equal amount, as will be seen at once on drawing the 
horizontal line OH, which is the measure of horizontal pressure in 
the triangle POQ. i 

This proves that the horizontal tension at any two points in the 
chain AQPB is the same; or in other words, that the horizontal 
tension is everywbere equal. It also shows that the tension at 
any point, as at Q, is equal to the resultant of the horizontal 
tension HO and the supported weight QH. 

The same reasoning as was employed in the caae of the assem- 
blage of links (Figs. 28 and 29), may be applied to show that HO 
X Qn (the ordinate of Q) is equal to gn (the corresponding 
ordinate of the curve of moments): that HO x Pm is equal to pm; 
and generally, that the ordinates of the curve of equilibrium 
are proportional to the corresponding ordinates of the curve of 
moments. 

Draw the tangents QT and gt, forming the angles QTW, qtW, 
with thehorizontalline. It follows from the constant proportion 
which we have shown to subsist between the ordinates of the two 
curves, that HO+tan of QTW = tan of gtW. But (from the 
known properties of the curve of momenta) tan of qtW is equal 
to the load supported at Q (read off on the vertical scale for 
weights and moments), or to QH ; 


^. HO xtan QTW = QH, 


Therefore, QT must be parallel to 0Q, and consequently coincides 
with QV. 

In yum words (what is almost self-evident) the tension at 
any point is in the direction of the tangent of the curve of the 
chain; and QTW being the inclination of this tangent to the 
horizon, the weight epp ned divided by the horizontal tension 
gives the tangent of QTW. ! . 

These are the general properties of the curves in which 
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loaded chains, (including in the load the weight of the chain 
itself) tind their equilibrium. It is readily seen that the chain 
will always assume the proper curve, or resume it after any dis- 
tarbance, because the equilibrium of the chain is always stable. 
Suppose the moment of the load supported by the portion 
AQ of the chain (Fig. 30) to preponderate, it would at once 
cause an increase of the ordinate Qn (the leverage of the hori- 
zontal strain), and thus increase the moment of reaction. If, on 
the other hand, the horizontal strain began to preponderate, it 
would diminish its own leverage Qn and also increase An, and 
thereby increase the moment of the load. The same applies to 
any other part of the chain, as QR; here Rr is the leverage of the 
horizontal strain (being the ditference of the ordinates of R and 
Q), and the moment of QR is the difference of the moments of 
AR and AQ. 

The position of the lowest point of a chain, or the point where 
the load divides, which is also the point of greatest moment, 
partly depends on the relative heights at which the ends of the 
chain are tixed. 

In Fig. 31, ACB is a chain, of which the ends A and B are on 
the same level AB ; and C is the lowest point. Draw the verti- 
calline Cn. Then the moments of reaction of AC and BC are 
equal, since each is equal to Cn x(horizontal tension). Therefore 
the moments of action must be equal, or the momentof the load sup- 
ported by AC must be equal to the moment of the load supported 
hy BC. As soon as the centre of gra- Fig. 31. 
vity of the load is found, the position " 


of Cn can therefore be at once deter- A T- 
mined, in the same way as if the load 
were carried by a beam. Cc 

A'C'B' represents a chain, of which 
the end A’ is on a lower level than the 
end B', C' being the lowest point of the 
curve. In this case, C' has two ordi- 
nates, C'n and C'm; C'n x (horizontal 
strain) will be the moment of reaction 
for A'C', and C'mx (horizontal strain) 
will be the moment of reaction for B'C', 
which thus exceeds the former by the difference of level, mn, 
multiplied by the Horizontal Strain. 

The moment of the load supported by B'C' must therefore 
exceed the moment of the load supported by A'C' by an amount 
equal to mn x (Horizontal Strain) It is plain that C' must be 
nearer to A'than if A’ had been on the same level with B. This 
change of position of C’, of course, quite alters the curve of mo- 
ments The case bears much resemblance to that of a load on-a 
girder, continuous over the pier B', and having the end at A’ free. 

The altered curve of moments will, however, agree with the 
original curve in its second differential coefficients, which do not 
depend on the position of the vertex (or point of greatest mo- 
ment), but on the horizontal rate of loading at each point. 

_When the horizontal rate of loading is constant, the second 
differential coefficient being also a constant, the curve of moments 
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and the curve of the chain must be parabolas; since integration 
twice performed will give for either curve the equation of a para- 
bola. This will be the case, whether the ends A and B are on the 
same level or not. 

. We shall now endeavour to show how to apply these prin- 
ciples in practice, and lay down the curve of the chains of an 
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ordinary suspension-bridge under a given distribution of load; at 
the same time determining the constant amount of Horizontal 
Strain and the different degrees of tension at the several points. 

In Fig. 32, AOB is the curve of the chains of a suspension- 
bridge of 64 feet span, the intervals between the suspension rods 
being 8 feet. It is proposed to determine this curve, the hori- 
zontal tension, and the strains on the links, for a uniformly dis- 
buted load of 10 cwt. per foot forward. The versed sine 0M. is 

eet, 

The points of suspension A and B being on a level, and the rate 
of loading being uniform, the point of test moment must be 
in the line MO, the ordinate drawn at the half span. From this 
line number the ends of the links 1, 2, 3, to 4 (at A); and 1',2',3', 
to 4’ at B. The total load on each of the 8 foot sections of the 
platform will be 8 times 10 cwt, or 4 tons. Then compute the 
ordinates for the curve of moments in the manner already shown 
in Section I. 


No Weight. Aggregate Weight. Multi Ler for. 
d NE ee "BEC dv ie 64 
L2 ees qr O as 60 
B3 A n laps 30. cutus 48 
BA ns d. auus P NN 28 


To get the figures in the Aggregate Weight column for either 
half of the chain, work from zero forwards; to find the values 
of the Multipliers for Total Moment, work back towards zero 
(or towards the centre of the chain) Then, the hal? interval 
being 4 feet, 4 times the multiplier will be the moment ex- 
pressed in tons at 1 foot leverage at any required point. Thus, 
at 3, or 2, the moment is 4X 28; at 2, or 2', the moment is 4X 48; 
at 0, the moment is 4x64. The ordinates of one-half of the 
curve of moments (which is in this case symmetrical), will there- 
fore be 4x 64, 460, 4x 48, 4x 28, and 0. Choose a convenient 
scale for moments, and by it plot the ordinates MO, di. and d'i, 
eii. and eii’, fiii. aud iii. (the ordinates at 4 and 4’ are each 
zero;) then 4 iii. ii. i. O iJ ii’ iii’ 4’ is the curve of moments. 

The ordinates MO, d1, &c. of the curve of equilibrium of the chain 
must he proportional to those of the curve of moments. It follows, 
that if the ordinates be shifted to such horizontal intervals as tu 
transform the curve of moments into a straight line, the curve of 
equilibrium will become a straight line too. 

Take the straight line 4M4, equal (or proportional) to twice 
MO; M4 and M4’ being each equal to MO, set up the ordinate 
MO equal to the greatest ordinate of the curve of momenta, and 
join the points 4, O and 4 by the straight lines 40 and 04’. On 
4M, measuring from 4, inark off 4d, equal (or proportional) to 
the ordinate di. of the curve of momenta, 4e equal to eii., and 4f, 
equal to fiii. In the same way, measuring from 4’, get the pointa 
d', e, and f". Then the ordinates fiii, eii, &c. drawn through 
these points to the straight lines 4O or O4', will be equal to the 
ordinates of the same names of the curve of moments. 404’ is 
therefore the curve of moments straightened out, and the curve 
of the chain becomes reduced to two straight lines on this dia- 

am. 

E NON we have one ordinate of the curve of the chain, namely, 
its versed sine MO, which is 7 feet. On the central ordinate mea- 
sure off this length MO, and draw the straight lines 40 and 04', 
cutting the other ordinates in the points 3, 2, 1, 1', 2, and 3. 
404 will then represent the curve of equilibrium of the chain 
straightened out; and the lengths /3, e2, dl, d' Y, e' 2', and f’ 3, 
transferred to the equi-distant ordinates on the first diagram, will 
give the true curve 4, 3, 2, 1, 0, 1’, 2, 3', 4. 
In the preceding process, the curve of moments in the first dia- 
, and the same line straightened in the second dagan, have 
Poen giren, in order to make the reason of the whole thing clear. 
In actual practice, neither the one nor the other will be plotted, 
all that is necessary being to set the ordinates in the second dia- 
m at such distances as will transform the curve of equilibrium 
into two straight lines. This is accomplished by making the dis- 
tances 4M, 4d, 4e, and 4f proportional to the numbers 64, 60, 48, 
and 28, given by the table as Multipliers for Moments. Or, more 
simply, by making the intervals Md, de, ef, f4 proportional to 
the several Aggregate Weights 4, 12, 20, and 28 found in the 
third column of the table. 

It remaius to determine the horizontal strain and the tension 
of the links, 

The greatest moment is 4X 64, or 256 tons. This moment exists 
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at the half-span, where the ordinate of the curve of the chain is 7 
feet. The horizontal strain must accordingly be such as when mul- 
tiplied by 7 feet will give a moment of reaction equal to 256 tons. 


Therefore, the horizontal strain is = = 364 tons. This has to 


be divided between the number of chains supporting the platform. 
If, for instance, theré are two chains, one on each side of the road- 
way, the horizontal strain on each chain will be 183 tons. 

To find the tension of any link, draw the triangle having a 
vertical side W; a horizontal side T of a length representing the 
horizontal strain; and the other side ¢ parallel to the link in 
question. The length ¢ will represent the tension of the link. 

If, the amount and distribution of the load being given as be- 
fore, the length of the chain were given instead of the versed sine, 
oneor two trials would become necessary in order to determine 
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Horisontal Scale for Distances of Ordinates. 


the curve of equilibrium. In Fig. 33 a bridge is taken as an ex- 
ample, in which the load, and the manner of its distribution on 
the roadway RW is given, the position of the line MO of greatest 
moment found, and the length of chain from 4 to 0 required to 
be equal to a stated length ai. z 
Take the line 4M4’, setting up ordinates at 4, f, e, d, M, d',e f", 
4', at the distances derived from the table of moments, in the same 
way as in the preceding case; the plotting of the line of moments 
being dispensed with. This position of the ordinates will have the 
effect of straightening out all the curves of equilibrium for chains 
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of different lengths, which will thus be represented in this dia- 
gram by straight lines converging from 4 and 4 to various poiuts 
in MO, or in MO produced. 

Assume for the trial the point 0', and having drawn the straight 
lines 4 3" 2" 1" 0' 1” 2” 3" 4’, transfer the ordiuates f3”, e2", &c. 
to the equidistant ordinates on the elevation of the bridge, giv- 
ing a trial curve of equilibrium 4 3" 2" 1" 0 1” 2" 3" 4'. 

On measuring this curve from 4 to 0', it is found to be equal to 
af, differing from the fixed length al by an error 4 
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Draw the triangle a70', having for one side al’, and for anothe 
side a0', equal to the chord line 4 0'. Then by drawing the line 4) 
parallel to /'0' (and producing a0’ if necessary), form the similar 
triangle 4/0. Take the length a0 thus determined as a chord to be 
swept from 4 to intersect MO in 0, which will give a corrected 
versed sine MO. "Transfer this versed sine to the diagram for 
straightening, and draw to the point o thus found the straight 
lines 432101' 2'3 4, The ordinates being transferred will give 
on the elevation the curve 432101'2'3 4. If the previous trial 
curve was not very far from the right length, this curve will be a 
very close approximation. The process can be repeated if 
necessary. 

In the preceding cases, the distribution of the load has been 
sup to be known. But sometimes this distribution will be 
80 dependent upon the curvetaken by the chains, that we do not 

an accurate knowledge of it at the outset. This will be 
the case with a suspension bridgeas far as the weighta of the links 
of the chains (supposed to be included in the load) are considered. 
It is more appreciably shown in the catenary, or curve in which 
a chain hangs by ita own weight alone; or in such a system of links 
of fixed lengths, weighted at their ends, as Fig. 28 exhibits. 

To take an instance. It is required to find the curve of equili- 
brium for a chain between the pointa A and B (Fig. 34) with a 
versed sine equal to MO; the chain being of uniform weight. 

The first step is to construct the diagram A, B, O, for a 
straightened line of equilibrium with a versed sine M, 6, equal to 
MO, and working on the assumption that the horizontal distribu- 
tion of the weight is uniform. ‘Transferring to the first figure the 
ordinates thus obtained, the dotted curve AOB is produced, 
(which is in this case a parabola) as a first approximation to the 
de roh catenary. 

easuring on this curve the several lengths of the arcs trom 
ordinate to ordinate (which will not n uch differ from the lengths 
of the corresponding portions of the true catenary), take the 
length@eo found as the basis of a table of moments, from which 
construct the second triangle A,B,O, (the versed sine remaining 
the same), the ordinates in which, being transferred as in the 
previous instance, give rise to the full lined curve AOB, which 
will be very near to the required catenary. 

Since this curve exhibits the real distribution of weight more 
accurately than the parabola, it is a guide to the construction of a 
more exact triangle for the line of equilibrium; and in this way 
the steps of approximation may be repeated as often as desirable. 
The limits of error will, however, rapidly narrow at every step. 
Thus in Fig. 34, the true catenary, if plotted, would probably not 
be easibly distinguishable from the full lined curve AOB, which 
is but the second step in approximation. : 

The case would have been more difficult, or it may be more 
correct to say, more tedious, had the length of chain AOB been 
given, instead of the versed sine MO. The mode of approxima- 
tion just indicated would then have to be used alternately with 
that employed in the previous case, illustrated in Fig. 33. 

To recapitulate: a chain, or a cord, or an assemblage of links 
free to turn at the points of connection, suspended between two 
points, and sustaining simply vertical pressures, seeks a position 
of stable equilibrium in which the moment of reaction gives rise 
to a constant horizontal strain. The tension will everywhere be 
in the direction of the tangent to the curve, and may be resolved 
into the weight supported and the horizontal strain. The ordi- 
nates of the curve of equilibrium will be proportional to the 
moments of the luad; and the artifice of placing the ordinates at 
distances proportional to the partial moments reduces the deter- 
mination of this curve to the drawing of two straight lines: thus 
rendering it practicable to solve hy construction (either at once, 
or by a series of rapid approximations) all cases that can arise. 
The lowest poiut of the curve will be on the ordiuate of greatest 
moments, the position of which is governed both by the distribu- 
tion of the load aud by the relative levels of the points between 
which the chain is suspended. 


Note.—In a few impressions of the foregoing article, the following 
errors have escaped correction:— 
Page 47, col. 2, lines 38, 39, for ** movement," read * moment.” 
i as » line 54, for ‘* movements,” read ‘‘ momenta," 
» 45, col. 1, line 31, for ** 2, 3," read ‘*z, 1.” 
» col. 2, line 14 from bottom, for ‘‘HO + tan," read “HO x tan.” m 
line 4 from bottom, for ‘‘the inclination," read ''the angle of incli- 
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OPENING ADDRESS AT THE INSTITUTION OF 


CIVIL ENGINEERS. 
By Joun Hawxksnaw, F.R.S., President. 


GzwNTLEMEN,—I beg to thank you for the honour you have 
done me in electing me to the office of President of this Institu- 
tion. In undertaking the important duties it involves, I can safely 

romise not to fail in their discharge from any want of interest 
in your proceedings, nor from any lack of zeal for the advance- 
ment of the objecta of the Institution. 

The profession of which we are members has from my earliest 
days been an object of attachment to me, and were I actuated by 
no other motives,the love I bear to it would prevent me becoming 
lukewarm to its interests. For my deficiences I trust to your 
forbearance, and rely on the help of the many friends I see 
around me. 

It is important to notice at the outset, that the wide range of 
subjects which the profession of a civil engineer embraces ren- 
ders it imperative on every member of it to avail himself of all 
the help he can obtain. He requires the assistance of mauy de- 

ents of science and art, and must call into employment im- 
portant branches of manufacture. He can perform no great 
work without the aid of a great variety of workmen, and it is on 
their strength and skill, as well as on their scientific direction, that 
the perfection of hia work will depend. The personal experience 
of one individual] cannot fit him for the exigencies of a profession 
which is ever extending its range of subjects, and is constantly 
dealing with new aud complex phenomena; phenomena which 
are all the more difficult to deal with from the fact that they are 
generally sucrounded by such variable circumstances as render 
them incapable of being submitted to precise measurement and 
calculation, or of being made amenable to the deductions of 
exact science. Consequently, nothing is more certain than that 
he who wishes to reach the perfection of his art must avail 
himself of the experience of others, as well as of his own, and 
that he will not unfrequently find the sum of the whole little 
enough to guide him. Aud let no inventive genius suppose that 
his own tendencies or capabilities relieve him from this necessity. 

There is, I believe, no such thiug as discovery and invention, 
in the sense which is sometimes attached to the words, Men do 
not suddenly discover new worlds, or invent new machines, or 
find new metals. Some indeed way be, and nre, better fitted 
than others for such purposes, but the process of discovery is, 
and always has been, much the same. There is nothing really 
worth having that man has obtained, that has not been the 
result of a combined and, gradual process of investigation. A 
gifted individual comes across some old footmark, stumbles on 
a chain of previous research aud inquiry. He meets, for in- 
stance, with a machine, the result of much previous labour: 
he modifies it, pulls it to pieces, constructs and reconstructs 
it, and by further trial and experiment he arrives at the long- 
sought-for result. 

While, however, it is necessary, if our progress is to be safe, 
that we should proceed with due caution, it is exhilarating to 
notice, that in the matters to which our profession relates, pro- 
gress is more apparent than it is in most other pursuits. The 
great range of objects which it embraces, and which seems ever 
extending, partly, no doubt, accounts for this. 

We are called upon to construct the great highways of nations, 
and to build the steamboats that bridge the seas. We make the 
machines by which man seeks to lighten labour and to accumulate 
force, or to give to that force new directions. We build docks, 
harbours, and lighthouses, to receive, shelter, and warn the 
mariner; and, as if in contrast to works so useful and so humane, 
some of us are occupied in the warlike objects of defence and 
destruction. And at this day, young members can look back far 
enough to distinguish the rapid progress that has been made in 
those matters to which the civil engineer has to devote his 
attention. 

Thus, it is hardly thirty years since travelling began to be 
transferred from common roads to railways. In the comparatively 
short period that has since elapsed, in a less space of time than 
one generation of man, about seventy thousand miles of railway 
have been made in different countries, at an outlay of about 
eleven hundred millions of pounds sterling, and involving an 
amount of engineering works exceeding in maguitude and im- 
portance all the previous engineering works of the world put 

ther. 
effecting this great change, English engineers have taken 
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a prominent part, about one half of the vast outlay above re- 
ferred to having been expended under their direction, and th 
may, I think, feel a pardonable pride in the great works whieh 
they have helped to construct, and which are destined to pro- 
duce an amount of beneficial change and advancement in the 
habits and culture of mankind, which the most sanguine man of 
the present day will probably fail fully to estimate. 

Simultaneously with this change, and tending to the sameends, 
there has been the improvement of steam navigation. I crossed 
the Atlantic in 1835, in what was then considered one of the 
swiftest packets ; but in those days the Atlantic packets depended 
wholly on sails, and the voyage occupied twenty days. Many 
years have not elapsed since it was denied that steamers could 
cross the Atlantic at all. They do so now in nine days The 
progress that has been made in steam navigation in the last few 
years is truly remarkable. The steamboats plying between Holy- 
head and Dublin, which were then, as now, among the fastest 
afloat, had, ten years ago, attained a speed of seventeen miles an 
hour. Last year those boats were superseded by others, the 
Leinster, Munster, Connaught, and Ulster, which attained on 
their trial trip a speed of twenty miles and a half per hour. 

Great progress has also been made in the application of the 
screw-propeller to steamships, which for vessels of war and other 
purposes possesses advantages over the paddle, though it has not 
hitherto accomplished an equal speed. 

In 1848, the fastest screw line-of-battle-ship in the navy could 
not steam more than about seven and half knots, or eight miles 
and two-thirds per hour, whereas the Warrior, though clothed 
with an outer coat of iron armour four inches aud a half thick, at 
her trial in October last over the measured mile in Stokes Bay, 
attained an average speed of 14:356 knots, or 16:533 miles per 
hour, beating the Howe, which previously had attained the 
highest trial speed of auy of Her Majesty’s line-of-battle ships; 
the displacement, power, and speed of the two ships being as 


follows:— 
Indicated 


Name, Displacement. Horse Power. Speed per hour. 
Kuota. Miles, 
Warrior 8852 5469 14:356 ... 16:533 
Howe 4170 4523 18:565 ... 15°623 


Since 1848 the speed of this class of ships has been nearly 
doubled. The build and construction of steamboats has also, 
during the same period, received much attention, and been greatly 
improved. 

Tbe doubts which prevailed until very lately, whether iron was 
the best material for line-of-battle ships, seem now nearly dis- 
pelled, although the rapidity with which iron fouls will, unless 
some remedy can be devised, always be a source of trouble. The 
precise and best mode of constructing iron ships of war is still 
an interesting problem; and many improvements may still be 
expected in an art which is yet in its infancy. Hitherto a large 
amount of wood has been combined with the iron. The Warrior 
has a thick lining of timber between the inner skin and tlle onter 
armour-plates. A material so soft as wood can hardly increase 
the capability to resist shot; and there seems great difficulty in 
combining, to any good purpose, two materials differing so much 
in strength and density. ides which, wood rots, and is, in 
ships especially, a perishable material. The probability is that 
iron will supersede the use of wood in a still greater degree, and 
that, by the adoption of improved modes of construction, the 
whole of the iron used in the structure of ships of war will be 
made to add to the strength of the ship, as well as be useful for 
its defence. This is not the case in the preseut mode of construc- 
tion. The armour-plates of the Warrior add very little to the 
strength of that ship. There seems to be no good reason why 
the upper and lower decks, and every portion of the hull of such 
vessels, should not be of iron. Greater strength would be thereby 
attained to resist diagonal and cross strains, and much greater 
longitudinal stiffness would be secured. Ships of war should be 
coustructed practically, as far as it is possible, as if welded out 
of one piece of iron; and if they are ever to be used as rams, this 
mode must be adopted, for it is evident that the present methods 
of construction would be quite unsuited for such a purpose. 

That war-steamers and other steamships cun be made stronger, 
and may be made to steam faster than they yet have been, there 
is no doubt. No one can have taken the trouble to examine 
the present methods of building without seeing that it is easy 
to increase their strength without impairing their efficiency in 
other respects. 
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With regard to the speed we ought to obtain, it is with steamers 
as with locomotive engines, a question just now of what velocity 
we can afford to pay for, rather than of what rapidity we can 
physically attain. There is no doubt that the speed of either 
could be accelerated beyond any point yet reached, and probably 
beyond any point that the nation at present could afford. The 
speed of steamboats and of railroads will bave to be determined 
from time to time, and will vary with circumstances, with place 
and time, with the accumulation and distribution of wealth. 

For cost, after all, greatly if not rigidly regulates progress; 
whether it relate to civil, to military, or to naval affairs. A hun- 
dred years ago no nation could have afforded railways of fifty 
miles an hour, nor steam-boats of twenty miles an hour. The 
reasons for thia are obvious, though often overlooked. Passengers, 
for instance, can afford a higher rate of speed than goods and 
minerals; and some descriptions of merchandise require to travel 
faster than stone, coals, &c. Again, some passengers can better 
afford to pay for speed than others. Even now itia only on certain 
lines that there are a sufficient number of passengers who are 
able to pay for express trains, and where consequently the ap- 
pointment of such trains can alone be justified. We have not 
yet, as it respects steamers (except for short distances) secured an 
equal amount of passenger traffic; and until this be the case, they 
must be built and worked for engers and cargo. Moreover, 
wherever time is an element of importance, the exigencies of trade 
and the convenience of the public require frequent opportunities 
of travelling und of transport from place to place. This circum- 
stance determines the number of passengers and weight of goods 
to be conveyed each journey from each place, and, combined with 
other circumstances, establishes a law which for the time bein 
regulates the load on every railway, in every steam-boat, aid 
along each line of communication. Thus, large and powerful as 
locomotive engines have become, they convey on the London and 
North-Western and Great Northern Railways an average load of 
less than 70 tons of merchandise; and though the Lancashire and 
Yorkshire Railway has a larger mileage of merchandise traffic 
than either, the average load, owing to the close proximity of 
towns, and the greater necessity for frequent trains, is only about 
45 tons. The same principle applies to steam-boat traffic. 
Again, however superior for naval warfare a steam line-of-battle 
ship may be to one with sails, yet England, rich as she is, could 
not at the present day undertake to aupport a navy which should 
wholly dispense with the use of sails, which should move to and 
from and among her distant dependeucies by the power of steam 
alone, and which consequently would always be dependent upon, 
and therefore would always require to be supplied with a suf- 
ficiency of fuel. 

With respect to the speed of railways, there is at present an 
anomaly, which before long will require more attention than at 
present has been bestowed upon it. Thas, to make way for pas- 
senger-trains, goods and mineral trains which might move more 


slowly are in many cases hurried on, manifestly to the preven- 


tion of due economy. 

Besides, though 1 deem it possible that railways ultimately will 
be made for greater speeds than those at present adopted, I am 
of opinion that on some lines the companies have attained a rate 
of travelling which is in advance of their appointments in other 
respecta—euch as with the condition of their road, and with the 
state of their finances Railway companies already feel that 
great speed demands larger expenditure upon their permanent 
way—their rolling stock—for telegraphic signalling—and for other 
matters, without which the continuance of such speeds becomes 
positively unsafe: and if the whole of the expenditure which great 
speed thus entails upon companies were fairly met, it is question- 
able whether the present speed of railways is not now, in many 
cases, fully greater than can be afforded. 

Goods and minerals on busy lines are, ther can be no doubt, 
carried at a speed which is neither demanded by the public 
nor is economical to the company; but which is often rendered 
unavoidable from the necessity of keeping out of the way of swift 
passenger trains, and by the difficalty of interpolating goods 
and mineral trains among the frequent trains of alarge passenger 
traffic. 

But is there no remedy for this? The travelling public de- 


` mand from railway companies the highest rate of speed they can 


exact; and that, as I have observed, is sometimes greater than 
the state of the road and other matters warrant. Would any 
good result from the introduction of Government iuterference 
to regulate speed? Ithink uot. Such a measure might strike 
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at the root of improvement, and the evil is one which will work 
its own cure, and for which a remedy may be provided in different 
ways. 

It has been urged that the time of travelling between two pointa 
may be shortened as well by diminishing stoppages as by an in- 
crease of speed. But this mode of dealing with it again Ines 
a question of cost; for if local traffic is not to be neglected, dimin- 
ishing the number of stoppages involves more trains, more ex- 
pense therefore; and the'difficulty of applying this remedy will 
increase with the growth of traffic. It may have to be met, in 
certain cases, by constructing lines to carry goods and minerals 
onlv, at a slow speed; and ultimately perhaps in other cases, at 
some future dav, by making railways to carry passengers mainly, 
if not solely. 

In grouping engineering works we may class the electric tele- 

aph with railways and steam-boats. All three are agents of 
Intercommunieation, and tend to the same important ends. And 
while the vast importance of each cannot be overrated, the electric 
telegraph is pobre, in the peculiarity of its operation, the most 
wonderful of all. It was about the same time that the Liverpool 
and Manchester Railway was started that the minds of a few 
individuals were first devoted to the subject of using electricity as 
a medium of communication for messages. 

Messrs. Cooke and Wheatstone'a patents were taken out in 
1837, but the first public telegraph was not established till 1839, 
when a communication was made by wire on the Great Western 
Railway between London and Slough. Siuce that period, in this 
country alone, telegraphic communication has been extended over 
about 1,500 miles; in the rest of Europe, over about 100,000 
miles; and in the American States, over about 48,000 miles; and 
the total extent of telegraph at this moment cannot be less than 
200,000 miles. On land this most useful discovery has been 
uniformly successtul. Like railways, it has grown (in England, 
by public support alone) into a great institution. 

Ocean telegraphy has been less fortunate in its results. Short 
lines across the narrow 8eas have been laid and maintained, but 
ata serious amount of cost. To some extent, no doubt, the failure 
of deep-sea telegraphs may be attributed to ill-conceived arrange- 
ments, and to faulty designs and workmanship; but the very 
nature of such an undertaking as laying telegraph wires across 
the Atlantic precludes the possibility of acting on previously- 
acquired experience, and makes the requisite experimental trial 
one of serious cost. 

The labours of the late Commission appointed to inquire into 
this subject have made the necessary scientific conditions for form- 
ing a good ocean cable better, and perhaps sufficiently understood. 
But they leave the ultimate cost of maintaining a permanent and 
available communication across 3000 miles of ocean (as, in fact, 
the great attendant contingencies compelled them to leave it) a 
question for the future to decide. 

A communication with America once well established would 
call for numerous wires. To meet contingencies, risk of accidents, 
and stoppages, a single cable would hardly be suffücient. With 
ample provision in these respects, a communication between the 
two countries could be maintained, but at a cost nut at present 
admitting of calculation. There are some things physically 
practicable, but which in a commercial and monetary sense are 
for awhile unattainable, and the accomplishment of this great 
object may therefore be delayed. It is to be hoped, however, 
that it will not be finally abandoned. 

Simultaneously with the rapid advance which has been made 
in the works to which I have referred, there has also been prt 
progress in another branch of engineering with which civil en- 
gineers have latterly become connected. 

That new branch is gunnery. In a very few years, mainly 
in consequence of the labours of Sir William Armstrong and of 
Mr. Whitworth, the range of artillery has been doubled. The 
weight of the gun in proportion to that of the projectile has 
been reduced to one-half, and the capacity for powder of the 
elongated as compared with the sound shell has been more tban 
doubled. This great advance in the destructive power of cannon 
has rendered most of our oid fortifications useless. New fortifica- 
tions have therefore to be built, adapted to the longer range and 
greater destructive power of the new artillery. These fortifica- 
tions require to be placed more in advance of the places to be 
defended, and to be constructed with very superior powers of 
resistance to those which hitherto proved sufficient. The old 
walled towns, which were formidable enough in former days, 
would to-day, in case of a siege, afford little security to the in- 
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habitants who dwell within them; the old defences therefore 
have to be removed, and replaced, where necessary, with those 
more suitable to modern requirements. 

We are clothing our ships of war in iron mail, and it seems 
pone that iron in some cases will be largely used in modern 
oriifications. Not that earthwork and stonework will cease to 
be asefal. These are valuable for the staple of most forts, but 
neither of them make good embrasures, and for that purpose iron 
offers t advantages. By its use greater strength can be 
sec at those pointe where power of resistance is specially 
wanted. By its use also the size, and consequently the exposure, 
of the embrasures will be diminished, and much greater facility 
be pe for working the guns and training them through larger 


an 

There are some cases, however, in which forts may with ad- 
vantage be principally, if not wholly, built of iron. I hope to 
see that material adopted for the superstructure of the large 
seaforts at Spithead, the construction of the foundations for 
which has been intrusted to me. There can, I think, be no 
inauperable difficulty in constructing iron forts so as to be im- 
pregnable to a ship's battery, though in the absence of knowledge 
as to what may be the ultimate powers of guns, it is not easy at 
present to arrive at safe conclusions. The difficulty of doing the 
converse of this, viz. of building ships so as to be impregnable to the 
fire of auch artillery as may and ought to be placed in the new 
forts, will be a problem net so easily solved. 

No Dies ship yet built conld keep aflost under the fire of 
guns throwing shots of 200 to 300 lb. weight; and it seems difficult, 
in the case of ships which require buoyancy, sufficiently to increase 
the thickness of their armour-plates to keep pace with the pro- 
bable advance in weight and size of the new cannon. 

Naval commanders rely a good deal, and perhaps up to a cer- 
tain point correctly so, on the mobility of their ships; but ships 
cannot be so efficient if, to prevent being struck, they be always 
kept moving about. If never hit, they will of course receive no 
damage; but if ships are to resort to such manœuvres to avoid 
the enemy's fire, they do not seem adapted to bring great actions 
to a speedy conclusion. And how are such manœuvres to be 
managed with damaged rudders and disabled screws? Naval en- 
pacers will, in my opinion, be settled hereafter much as they 

ve been heretofore—the victory will be with the heaviest metal 
and the greatest daring. And after the various discussions that 
have been raised on this point, fixed and floating batteries will be 
found each to have their uses; and it is, I think, a limited view of 
the question that leads to an undue exaltation of one over the 
other. If land batteries are, as some have urged, so innocuous to 
ships, why was Cronstadt not taken? 

very important question, viz., the use of iron for ships and 
forta, and war purposes generally, is now undergoing the investi- 
gation of a committee specially appointed for the purpose, and 
itis to be hoped that their labours will lead to some important 
conclusions. 

As it respects the question of armour-plates, or of iron to be 
used for similar purposes, it would not seem that the hardest iron 
will prove the most suitable, unless it be combined with the 
greatest toughness. The force of impact is in a sense infinite. 
A ball cannot be arrested instanter in its flight. The thing struck, 
or the ball that strikes, must, one or both, possess some elasticity 
or ductility; or, if not, one or both must go to pieces. Of course 
the object to attain, as it regards both ships and forts, will be to 
devise a structure that will best arrest the shot; but we have not 
yet arrived at the best mode of doing this. 

The use of iron is extending on every side. Its manufacture 
is also, Iam glad to say, improving. There was great room for 
its improvement. Several processes for converting it largely into 
steel, or into a metal approaching steel in character, are also now 
in use, and promise to afford an article at a moderate price double 
the strength of ordinary iron. These discoveries will tend still 
further to extend the use of iron. 

Should it turn out that steel, or homogeneous iron as it is some- 
times termed, uniform in quality, and of double the strength of 
ordinary iron, can be manufactured in large quantities at a mode- 
rate price, and can be easily manipulated; then, many things 
that are now with difficulty accomplished will be greatly facili- 
tated, and some things which cannot be done at all will be ren- 


dered practicable. 

Bri Bee of greater span could be constructed. Screw shafts, 
crank-axles, and other parte of steam-engines at present of un- 
wieldy size, would by its use be reduced to more moderate 
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dimensions. There seems to be no limit to the size of guns, 
except that of the oe of the material, and the power of 
welding, forging, and handling them. Cannon, as we know, have 
already been greatly increased in power by adopting a superior 
material in their constraction. Could we hit upon an inexpen- 
sive mode of doubling the strength of iron, the advantages to all 
sorts of machinery might be equal to those that would flow from 
ue discovery of a new metal, more valuable than iron has hitherto 
n. 

We are, I believe, in the infancy only of discoveries in the im- 
provement of the manufacture of steel and iran. Until lately, 
the nature of the demand for iron retarded rather than en- 
couraged improvements in its manufacture. Railways consumed 
iron in vast quantities, and railway companies cared nothing 
about quality. They were driven to seek a tolerably good mate- 
rialfor engine and carriage tyres, but as it respected the vast 
consumption in the shape of rails they were implicitly guided 
by the lowest prices. As long as this system continued it suited 
the ironmaster to manufacture a cheap article in large quantities, 
and they therefore gave themselves no concern to establish a bet- 
ter state of things. But heavy engines, high i ores and an 
enlarged traffic are gradually working a change. e are begin- 
ning to find that iron of the very best quality has hardly en- 
durance enough for rails or locomotive tires: that there is no 
economy in laying down rails which require taking up again in & 
year or two; and in short, that the increased strains arising from 
the accelerated motion of railways, steamboats, and machinery 
generally, are necessitating a better material. 

In marine steam engines, which have received much attention, 
and where great attempts have been made at perfection, paddle- 
shafts, crank-axles, screws, and other portions s as before in- 
timated, already attained an unwieldy size, and the vis inertia and 
weight of such masses of metal are of themselves no slight im- 
pediment to the improvement of steam navigation, and would be 
greatly obviated by the use of a stronger material. 

Fortunately for this country, just at the time that the use of 
iron is extending, and improvements in its manufacture are de- 
veloping, fresh discoveries are made of the raw material, and men 
seem to stumble, as it were by accident, on new fields of iron ore, 
in places where those mineral riches have laid dormant for cen- 
turies, to await a new era and another age, when ships like 
knights of old are to go forth to battle in complete armour, and 
when the civil engineer has assumed the duties which devolved 
on the smith and armourer of former times. 

Having noticed some of the advantages that may flow from a 
greatly improved quality of iron or a cheap manufacture of steel, 
or of a metal approaching steel in character, I may call attention 
to the great facilities that have arisen from the use of iron cylin- 
ders in sinking and securing foundations. 

Before this invention, masonry built under water had to be per- 
formed by divers with helmets, or by meansof diving-bells. That 
mode of construction does not admit of the best work. The stones 
are laid without mortar, and depend for their security on their 
large size, and on a good arrangement of bond. It is true that 
conerete work (which however ie inferior to masonry) could 
be built under water without either divers or diving-bells; by 
passing the concrete though the water to its destination in boxes 
or by means of shoots, and giving it the requisite form by 
casings of timber or iron. This mode of building has long been 
adopted on the shores of the Mediterranean, and the docks and 
quay-walle at Genoa have been built in this manner. 

But the use of iron cylinders not only admits of masonry or 
brickwork being built in mortar under water in any form, and 
with any bond, but enables the engineer to excavate under 
water and to examine the ground before he begins to build, 
and to proceed with his work with as much deliberation, method, 
and security, and almost with as little delay, when 70 or 80 feet 
below the water level, as he can do on dry land. 

Hitherto this method has been mainly confined to the use of 
circular cylinders, sometimes used (as was done by Mr. Brunel in 
the case of the Saltash Bridge) as a means of building the requisite 
pier of subaqueous masonry, the iron being afterwards taken 
away, and sometimes to enable the requisite piers of concrete, 
brickwork, and masonry to be executed, and by allowing the iron 
cylinders to remain afterwards to protect the interior work. In 
other cases, the cylinders themselves are used to support the 
incumbent weight, and they then act simply as piles. 

But it appears to me that this methed of building may be ex- 
tended with advantege much farther than it has been. It is 
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adapted to almost any form of pier, and might in certain cases be 
usefully applied in building continuous ; and I know of no 
system that is likely to afford greater help to the engineer. 

I have already said a few words on the progress of invention. 
This method of building is an illustration of the slow progress of 
really useful things. 

In 1841 a patent was taken out for “improvements in the 
means of and in the apparatus for building and working under 
water;" and soon after the construction of the Rochester Bridge, 
where cylinders were sunk under air-pressure, an action was 
brought against Messrs. Fox and Henderson, the contractors for 
the bridge, for an infringement of that patent. I happened to be 
engaged on that trial; and the fact was then brought to light, that 
many years before, the late Earl Dundonald (then Lord Coch- 
rane) had taken out a patent for a similar purpose, very perfect 
in most of its details, for the drawings attached to Lord Cochrane's 
patent showed an air-lock almost identical with that now in use, 
and contained all the requisite arrangementa for success. Lord 
Cochrane proposed to use it for overcoming difficulties similar 
io those encountered in the execution of such works as the 
Thames Tunnel; he proposed in fact to excavate such works under 
air-pressure. . 

This is another instance of the fertility of mind of that extra- 
ordinary man, who, great as he was as a sailor, would probably 
have been equally eminent as an engineer; and I here offer as a 
tribute to Lord Dundonald's memory this recognition of his early 
attempts to introduce the important system to which I have just 
been referring. 

But we live in an age when men's minds turn to mechanical 
inquiries, and when probably they were never more fruitful in 
mechanical resources. It is almost needless to give examples of 
this fact. The locomotive engine is a familiar instance, and 
railway machinery generally affords many illustrations. The 
beautiful cotton-combing machine invented by Joshua Heilman, 
of Alsace, which was first used in the cotton manufactories to 
separate the fine from the coarse fibre, and has since been ap- 
plied to wool, flax, and silk, and which acts almost with the 
delicacy of touch of the human fingers, is another illustration. 
Scheutz's calculating-machine is another remarkable instance, 
and mauy other cases might be named. 

"There is one subject, however, connected with mechanics which 
has hitherto been barren of reanlt, about which men will occa- 
sionally occupy themselves, viz., the discovery of a new motive 
power. The steam-engine, however, remains the only tame giant 
thst is usan subject to the will of man. The little that has 
been done in the way of its Lr aane since it left the hands 
of Watt, speaks volumes to the sagacity, industry, and un- 
tiring perseverance of that great man. 

The late Mr. Kennedy, of Ardwick House, who was on intimate 
tertns of personal friendship with Watt, on one of his last visits 
to Soho, asked him if he had discovered anything new in the 
steam-engine. “No,” he replied, “I am devoting the remainder 
of my life to permeting its details, and to ascertaining whether in 
any respect I am wrong.” What the labours of that life pro- 
duced we all know, and the patient concentration of will on his 

reat object reminds one of Newton's similar labours in the per- 
ection of his theory of gravitation, and evinces in the one case 
as in the other the truly great and philosophical mind, which is 
capable not only of discerning the dawnings of a great truth, and 
of appreciating its magnitude, but also of patiently pursuing its 
evidences until the whole is made clear as noon-day. 

At present it seems improbable, so long as motive power is to 
be obtained through the intervention of heat, and until a cheaper 
fuel than coal can be found, that the steam-engine will be super- 
seded by any other machine.  Electric-magnetic machines are 
perhaps the least likely of all inventions to supersede the steam- 
engine. The consumption of a grain of zinc, as Mr. Joule has 
shown, though much more costly than a grain of coal, does not 
produce more than about one-eighth of the same mechanical effect. 

It would not, however, be at all safe to predict that considerable 
improvements may not yet be made in the steam-engine, or in 
engines to be worked by coal. The consumption of fuel in the 
best steam-engines has been reduced to 2) pe of coals per 
horse-power per hour ; but such an engine does not utilise one- 
fifth part of the absolute mechanical value of the coal consumed, 
and so long as this is the case it would be unwise to assume that 
we have attained the utmost limits of improvement. 

On another great branch of engineering, that of docks and 
harbours, I am not aware that much that is novel can be noticed. 
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The progress of such works is generally too alow to admit of 
much change in short periods of time, An interesting discus- 
sion on the subject of harbours took place during a preceding 
session of this Institution. A considerable portion of that debate 
turned on the question of how far such works should be made 
permanent in the first instance, and how far they should be con- 
Structed so as to bring them into use with the greatest rapidity 
and at the smallest amount of cost, reckoning, of course, on 
rebuilding them at a future period. This is one of those questions 
which it would be vain to discuss with any hope of coming to 
general conclusions. In its naked form (apart from the question 
of harbours) it is one of the most simple and elementary questions. 
For it would not be difficult to show that, if money alone be 
worthy of consideration, then, as it respects public buildings of 
all sorts, the cheapest system would be to discard solidity and 
ornament, and to adopt structures of a more temporary character; 


_ the pan in fact which is always adopted in new countries, But 


wealthy nations, like rich individuals, will spend more on them- 
selves and also more on their public works and buildings than the 
absolute wants of a nation demand, and the fact is that men are not 
governed by monetary considerations unly, but also by a sense of 
what is or is not appropriate. We have, however, some excep- 
tions to this rule. There are, for instance, the tattered and 
margins of the Thames, where, in the test metropolis of the 
world, mud banks swelter, and crazy buildings reel and totter 
against each other, but which it is proposed at a somewhat late 
hour to remedy. 

Having thus touched upon the several points that occur to me 
as deserving of notice, I will conclude by remarking that no man 
can look back on the last twenty or thirty years without feeling 
that it has been the age of engineers and mechanicians, The 
profession to which we belong has in that period of time done 
much to change the aspect of human affairs; for what agency 
during that period, single or combined, can be compared in its 
etfecta, or in its tendency towards the amelioration of the condi- 
tion of mankind, with the establishment of railroads, of the 
electric telegraph, and to the improvement in steam navigation 1 
For in constructing railways, telegraphs, and steam-boats, and 
their adjuncts, docks and harbours, and moulding and fashioning 
the face of the material universe to the wants of man, in over- 
coming its barriers, overleaping ita valleys, and spanning its sens, 
engineers annihilate both apace and time, pangone juxtaposition 
nations and people, and accelerate beyond all human expectation 
personal communication, and that interchange of ideas which is 
all important to the advancement of civilization and knowledge. 

Distance and separation have led and will always lead to mis- 
apprehension and prejudice —to ignorance and mistrust —to 
rebellion and war; and engineers may feel, when labouring on 
the great public works that facilitate the intercourse of nations, 
that they are not merely conqnering physical ditficulties, but that 
they are also aiding in a great moral and social work. 
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LECTURES ON ARCHITECTURE AT THE ROYAL 
ACADEMY. 

The following, one of a series of lectures “On Architecture," was 
delivered by Professor SYDNEY SMIRKE at the Royal Academy, 
on Thursday, the 9th ult.— 

Lecture L 

EanLY in the seventeenth century an Italian writer, Teofilo 
Gallaccini, composed a treatise of some ingenuity and merit, “On 
the Errors of Architecture;” and certainly he succeeded in bring- 
ing together a mass of architectural errors (horrors I might say) 
so shocking as to reflect no small discredit on the practitioners of 
his day. That day, it is true, was one of great darkness in his 
art. By an unfortunate accident it coincided with the date of the 

teat activity, influence, and wealth of the followers of Ignatius 
yola; when churches and seminaries arose in great profusion 
over a large part of Christendom; hence that era was then and still 
remains distinguished from all preceding and succeeding times by 
the prevalence of perhaps the worst architecture that has yet been 
devised by human ingenuity. Not that the Jesuit's style of 
architecture, as it has been called, may not be admitted to be 
sometimes picturesque and bold—so much so, indeed, as ito be 
occasionallv most theatrical in its effecta; but so entirely were all 
the rules of composition, I should almost say of common gense, 
ignored and outraged—so entirely was the sober trathfalmess of 
our art disregarded. that I feel satisfied that Iam confining my- 
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self to strict trath when I say that to the society founded by 
Loyola our art owes indirectly more of ita degradation and decay 
than to any other school or individual whatever. Of course, I do 
not impute personally to himself any influence over the style 
which the buildings I refer to tended to propagate: I only regard 
him as the founder of a religious society, who became tbe uncon- 
scious instruments of establishing a vicious school of architecture 
at a very unfortunate epoch of architectural activity. Theauthor 
to whom I have above adverted had the great merit of seeing more 
clearly than his contemporaries the faults of contemporary art; 
and he deserves to be recorded among our worthies for his bold- 
ness in contending against the monstrous errors and abeurdities 
tbat bad sprung up with a luxurious rankness and rapidity which 
are really tematkable, 

The very commencement of the sixteenth century, namely, the 
age of Bramante, of Raffaelle, of Peruzzi, and Giulio Romano, 
waz, as I have on a former occasion shown, in many respects 
worthy of being rogando as the culminating period of modern 
architecture; and the end of that same century saw the art, if not 
at its lowest ebb, at all events in a state of deplorable impurity. 
It is an old remark that all evil is but the corruption of what is 
good; and it seems to be in the nature of a law that no sooner has a 
point of excellence been reached than a process of deterioration 
commences. Fortunately, there would appear to be a co-existent 
law of social adjustment; for no sooner have we reached astate of 
apparently hopeless aud helpless imbecility, than a glimpse of 
better oe appears, to restore our hopes and to redress the 
balance. e course, in short, of most human affairs may be 
correctly sepresented in a diagram by a series of anticlinal lines, 
persistent in their ever-varying irregularity. 

Such, at all eventa, oroas a have pu the course of our art. 
The great effort of the distinguished artists whom I have named 
appears to have been—first, to make themselves thoroughly 
acquainted with the principles which guided the architects of the 
great Classic period, and then to devise such departures from the 

le of that period (still, however, adhering to the principles on 
which that style was founded) as would enable them to adapt 
their structures to the greatly altered habits, and to tbe new 
civilisation, of their own days. : 

There can be little difference of opinion among us as to the 
consummate genius and wonderful dexterity with which. these 
modifications of the ancient manner were effected. Perhaps one of 
the moat prominent modern modifications was the introduction of a 
regular fenestration, by which that essential feature, the window, 
was so treated as to render it a fertile source of beauty and 
interest. It is true evidences are abundant to prove that, what- 
ever may have been the case in still earlier times, windows with 
architraves and other somewhat ornamental adjuncts of like 
nature were a recognised feature in Roman architecture; but T 
am aware of no ancient building having its various floors marked 
by uniform ranges of windows as decorated features, such as we 
find especially characterising the architecture ofthe Renaissance. 

Another source of beauty, wholly unknown to Classic art— 
namely, the balustrade, is also due to the originality and inventive 
genius of the quatrocentiste; and it is curious to note the avidity 
with which artiste learnt to avail themselves of this novel and 
ingenious mode of turning so prosaic and utilitarian an object as 
a parapet into an ornament of great esthetic value. 

The systematic superposition of several regular orders was 
another practice particularly affected in renascent architecture. 
It had, indeed, been suggested by the magnificent amphitheatres 
of the Romans, as well as by a rare instance or two of still earlier 
date, but was certainly not practised by that people generally, 
either in temples or in their domestic buildin I have enume- 
rated some of the more prominent characteristics of Italian art, 
which stamped it with originality, and gave birth to a school as 
widely differing from the primitive, strictly classical, school, as 
from the Mediæval school which it supplanted. 

Such was architecture at the beginning of the sixteenth century 
in Italy, then the instructress of Europe iu the fine arts, as well 
as in most other branches of intellectual culture. 

Ihaveon a former occasion dwelt at sufficient length on the 
phases of our art down to this period—a period which, again 
adopting the language of a kindred science, may be regarded as an 
anticlinal axis. A downward course here commences. It is an 
ungrateful task to record the weaknesses of men and the errors of 
genius; but perhaps it is & useful one. Perhaps there may be 
as much advantage derived from inquiring how and why art 
decayed, as in marking and admiring its growth and elevation. 
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Such, at all eventa, is the task which I have this evening imposed 
on myself. 

To inquire why art decayed after it had arrived at a point of 
great excellence is, perbaps, equivalent to inquiring why genius is 
erratic, why we are uustable in our judgment, and why human 
fancy is like the fabled bird of paradise, that exists only when on 
the wing. ` 

Had the men who followed the bright period to which I have 
adverted been plodders on the highwav of art, without soul or 
invention, and content to follow with painful exactness the foot- 
steps of their predecessors; we might, perhaps, have seen an age 
of good imitators, and of a level platitude; a race of tame 
transmittors of the excellence of others, productive of a perpetual 
repetition of approved forms and established models. 

But very far otherwise was the case. Art, in all its branches, 
throughout the sixteenth and even the seventeenth centuries, was 
in a state of excitement and activity. Vasari, writing in the 
middle of the sixteenth century, vaunted that such was the 
fecundity of art and facility of execution in his time, that six pic- 
tures could then be paiuted within the time occupied by the 
previous generation of painters on a single picture. The simple- 
minded historian of art seems to have been hardly aware that his 
vaunt implied rather reproach than praise; although it is true he 
has elsewhere amused his readers by the anecdote of an eminent 
painter who, at his easel, when called to hia meal, replied that he 
would come directly, “ for he had but one saint imore to paint.” 

The growth of public wealth and the progress of civilisation 
brought into existence hosts of artists and of patrons of art. 
Popes and potentates vied with each other in the patronage of it, 
and even kings would condescend to bid against each other for 
the corporal possesion and exclusive monopoly of some favourite 
practitioner. 

The consequences of such excessive stimulus were obvious and 
inevitable. Prosperity begot reckless and careless extravagance, 
and extravagance led to a rapid deterioration. 

The peal lebovioas artiste of the fifteenth century wrought, no 
doubt, slowly and painfully—urged onwards not so much by a 
thought of lucre or applause, as by a deeply-felt love of their art; 
whilst the flattering crowd of artiste who filled the scene in later 
times were the spoilt children of fortune; painting and carving 
and building with wonderful dexterity and readiness of execution 
it is true, and with a wonderful facility of invention in devi- 
sing new shapes and fashions and fantastical combinations; 
but without that earnest, ardent, painstaking, and simple 
severity of study which had conducted their forefathers to real 
excellence. 

By way of illustrating the vast change that had taken place 
during the sixteenth century, let us compare the works of Bra- 
mante, who flourished at the beginning of that century, with 
those of Borromini, who was born at the end of it. I have ona 
former occasion dwelt on the peculiar merits of Bramante. His 
was a pure, honest architecture, perfectly free from affectation 
and conceits of any kind whatever. His style appears to me to 
be all the more captivating from the very absence of all ad cap- 
tandum contrivances, and all the more effective from its manifest 
freedom from all seeking after effect. 

If we turn from him to Borromini, we shall be shocked to see 
what devastation and corruption of taste had taken place during 
the one hundred intervening years. 

The one sought to charm by his purely architectural feeling; 
aiming, for the most part, at those high qualities—order, sym- 
metry, and rythmical arrangement—which the great father of 
architecture, Vitruvius, had long before pointed to as the dis- 
tinguishing character of good architecture; whilst the other set 
at defiance all order and moderation. The one never feared to 
draw a straight line, unless the requirements of his work seemed 
to render a curved or a broken line preferable for some special 

urpose—and surely a straight line seems to be, of all others, the 
ine of architectural fitness, and therefore of beauty; whereas, 
Borromini must evidently have abhorred such a line above all 
things. He it was who, of all men, contributed most to the in- 
troduction of that system of architectural design (if it can 
worthily lay claim to the dignity of a system) by which masonry 
lost its special character and its most appropriate forms. His 
fagades curved inwards or bulged outwards on their plan, as if 
made not of hard stone, but of some yielding and plastic sub- 
stance; and his pediments, totally forgetful of their primitive 
form, offered every variety of intricate convdlution and distortion. 

Bramante called in the aid of sculpture with that chariness 
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and caution which plainly indicated bow highly he appreciated 
its noble attributes and fitting murine e as if he feared 
to vulgarise it by too frequent a use of it, or by excess of any 
kind. Yet, highly as he appreciated sculpture, he never per- 
mitted it to encroach upon the proper limits of his own special 
art. Sculpture was used by him as an honoured accessory, well 
calculated to stamp a moral value on his work, and to give it a 
grace beyond the reach of mere architecture. 

Borromini, on the other hand, permitted sculpture to dominate 
over the main object of his art without restraint: his whole 
building was literally sculpturesque, and his masonry was left to 
the humbler duty of forming a mere vehicle for the consolidation 
of some fantastic piece of lay modelling. Such had been the 
downward progress of architecture during the period to which I 
have been adverting. 

It must not, however, be supposed that the transition was sud- 
den, or even rapid. The activity and energy of the sixteenth 
century were wonderful, and led to perpetual changes, and were 
constantly giving birth to novelties. New schools were founded, 
and eminent masters appeared in rapid succession, and of most 
apposite characters ; sovino, with his superabundant wealth 
of sculptural resources; Palladio, with a so iration and purity 
of feeling far beyond hisfellows; Michael Angelo, whose p of 
life enabled him to see out most of the brightest lights of Italy, 
although he was himself a fellow-labourer with some of the 
earllest and ablest masters of the great Italian Renaissance. Still, 
though the course of architecture was an onward course, yet it 
was also a descending course. The art lost its dignity, and be- 
came frivolous and trifling. Every part of a building seemed to 
be, as it were, in restless movement; curved lines were broken 
and inverted; straight lines were perpetually interrupted or di- 
verted; aud all breadth was frittered away by a multitude of 
lights and shadows. 

It is worthy of note how great a sympathy has always seemed 
to exist between our art and that of the sculptor. "Whether dig- 
nified and severe, noble or mean, national or conventional, grand 
or grotesque, those two sister arts seem ever to have p 
hand in hand; for ever aharing the same fate; rising together into 
greatness and sublimity, and together sinking into painful imbe- 
cility. Without going too far back into the history of art 
(although in remotest times the sympathy between the two arts 
was eminently conspicuous) we shall find the observation hold 
good in Medieval art. The culminating period of ecclesiastical 
architecture was precisely that which has been eulogised by our 
Flaxman as distinguished by high sculptural excellence. The 

uatrocentist introducers of modern art in both these branches 
shared like feelings, and were remarkable for like excellences. 
The sculpture of Donatello, like the architecture of Alberti, was 
alike vigorous and original, and full of delicacy of feeling; these 
high qualities being in both arts somewhat qualified, it is true, 
by a certain degree of hardness and rigidity. Ta Michael Angelo 
we find the same colossal and masculine breadth, whether we re- 
gard the examples he has left us of his sculpture or of his archi- 
tecture. 

Then, coming down to the epoch that more icularly en- 
gages our attention this evening, we shall find the same debase- 
ment pervading the two arte. I have already said that one of 
the marked characteristics of the architecture of the seventeenth 
century was that of restless movement; so also the sculpture of 
the seventeenth century exhibits, in an especial manner, the ab- 
sence of that tranquil dignity which is particularly becoming in 
sculpture, especially when applied as an accessory to architecture. 
A want of repose is almost equally offensive in both the arts. 
The eye is fatigued and the attention distracted by an excessive 
flutter in the details, whether we contemplate a building or a 
group of sculpture. Bernini set the example, but Borromini 
went far beyond him in this vicious treatment of the sculptural 
accessories of their respective buildings. Indeed, one of the most 
repulsive faults of sculpture at this degenerate period was its 
utter want of repose, and the inordinate love of representing 
agitated drapery. 

It is said of Bernini, by Milizia, that, although he was himself 
far from a pattern of sobriety in this respect, he yet knew enough 
of his art to condemn the fault in others, Remarking on one 
occasion the extreme agitation of St. Veronica's clothing, under 
the dome of St. Peter's, he sarcastically inquired of the sculptor 
from whence the wind came that so seriously disturbed the vir- 
gin saint's drapery, seeing that she stood protected within the 
walls of the edifice. The sculptor, fortunately for him, had an 
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answer that effectually disconcerted the critic: — The wind,” he 
replied, “ obviously came through the serious fissures in the ma- 
sonry of the dome, occasioned by the critics (Bernini's) want of 
skill, in detoving the stability of the piers of that dome;" Ber- 
nini having shortly before somewhat rashly interfered with 
Michael Angelo’s piers, by the insertion of colossal niches excavated 
out of the substance of those piers. Such were the mutual re- 
criminations of these two most eminent artists, who contributed 
so largely to the degradation of their art. I am confident that I 
am using no extra t or inordinate expressions when I deaig- 
nate the architectural sculpture of the seventeenth century, in its 
treatment and mode of introduction, as ridiculous and abeurd. 
Their sculpture may probibly have been designed with boldnees 
and vigour, and executed often with a masterly dexterity; cer- 
tainly we cannot justly charge it with tameness or insipidity. 
Its faulta were, indeed, exactly the reverse. There is a grotesque 
energy, a violence of gesticulation, which is perhape very true 
to nature, if we seek nature in the wine-shope of the Cam 

or among the Lazzaroni of the Chiaja; but the united voices of 
all cultivated artista will concur in condemning that style of na- 
ture as unfit for the study and imitation of sculptors. 

A painter may, with perfect propriety, impart whatever de- 
gree of violent action his subject may demand : his pencil under- 
takes to realise to the eye actual scenes; and, if intense action is 
to be represented, he is most successful who best realises on the 
canvas that intensity. The case is, as it appears to me, far other- 
wise with the sculptors art; at least when it is applied as the 
accessorial embellishment of architecture. Statues in niches, or 
on balustrades, or otherwise fringing the sky-line of a building, 
must, I should think, be subdued both in attitude and in treat- 
ment. 

(To be continued.) 
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TO DETERMINE BY INSPECTION THE AMOUNT OF 
HEART-WOOD IN SLEEPER BLOCKS, BEAMS, &c. 
By Tuomas CanaiLL, C.E. 


In every specification attached to a contract for the delivery of 
sleeper-blocks, beams, or other timber intended for engineering 
or architectural purposes, one of the most important clauses is 
that which specifies the amount of heart-wood which the block 
or beam must possess in order to insure its being passed by the 
engineer or other person deputed to examine it; for it is calcu- 
lated that a certain quantity of perfectly sound and well-seasoned 
wood ought to be obtained out of every block, and it is evident 
this would not be the case should the timber contain more than 
the allowable proportion of sap-wood. 

It is a matter then of some importance, and of considerable 
convenience to the person in whose hands rests the respon- 
sibility of passing or rejecting timber, to be able to ascertain 
speedily and accurately whether the blocks under his examina- 
tion possess a sufficient amount of heart-wood to furnish good 
and sound material for the purposes for which they are in- 
tended; and I propose giving a short rule, by which anyone 
may caleulate a table which will enable him to discover by simple 
inspection whether a piece of timber will give the quantity 
of heart-wood required by the specification. In any block of 
timber the heart wood is found disposed in a pretty uniformly 
circular figure around an imaginary line passing through the 
centre of the block, aud which may be regarded as its longitudi- 
nal axis. This is shown in the diagram, which represents, to a 
scale of one-sixth, a section of a block of timber 13 inches by 14; 
the inscribed circle is intended to show the heart-wood, while the 
rest of the figure exterior to the circle represents the amount of 
sap-wood which the block contains. Although my object at pre- 
sent is not to define, yet it may be well to mention that the sa 
wood is that portion which is of the newest or moat recent growth, 
and which, owing to the premature felling of the tree, not having 
had time (to use a common phrase) to acquire the consistency 
and close-grained structure of the interior parts, is totally unfit 
for purposes of construction, but which would become heart-wood 
in the event of the tree remaining unfelled—in fact, were the 
tree permitted to attain to maturity there would be scarcely any 
sap-wood at all. 

n the diagram let a, b, be the breadth and depth fupcr 
of the block; d the diameter of the cireular portion of heart-wood; 
and let n represent the proportion of sap-wood allowed in the 
specification. Now the total amount of heart-wood will evidently 
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equal the difference between the contenta of the whole block and 
the proportion of sap-wood, —ab—nab-—ab(1—n). in, as the 
heart-wood lies wholly within the circular portion of the figure, 


the area of this circle must —ab(1—n), which gives us the follow- 
ing equation:— 


ae = ak1—n), 


x of course being ratio of circle to diameter. Reducing the equa- 
tion, and solving for d, we obtain 


d = W/abx 


_As the length of the piece of timber would be common to both 
sides of the equation, it would be superfluous to introduce it into 
s sulonistion, more especially as it does not affect the use of 
, the rule. 

In cases where a—b the equation becomes 


TIVA Be - amt df Ol) 


As a, b, and n are always known, it is clear that à table could be 
easily constructed for the corresponding values of d; and all 
that remains for tbe inspector of the timber to do is to lay his 
rule across the centre of the block, and ascertain whether the 
actual and calculated lengths of d coineide. Since n in the same 
contract is generally constant, the calculations in the equa- 
tions become very much simplified, particularly in the equation (2) 
for square blocks, which are the most usual; for the value of 


A — once determined, suffices for all the different values of 


a and b, 


Dublin, Jan. 17, 1862. 
———————— 


ST. JAMES’ CATHOLIC SCHOOLS, MARYLEBONE 
LANE, LONDON. 


(With an Engraving.) 


Tarse schools occupy a central position amid a large number 
of families of the working classes, for whose use the establish- 
ment is intended. Simple as are the main requirements of day 
schools, there is on examination apportüaity for much thought 
and labour in designing the general arrangement and various 
details to make up the necessary sum of space, light, ventilation, 
warming, easy access, due separation, convenience for washing, 
depositing caps and cloaks, &c., that constitute a serviceable build 
ing. In this instance, in order to leave an open playground to 
serve as well for light and fresh air, the three schools for infants, 
girls, and boys, are disposed on three floors; the height thus 
necessitated is undesirable, but readily excused from the great 
searcity of land. The staircases and officea, and two separate 
entrances, form one wing, all of fireproof construction. A con- 
siderable economy of space is gained by the compact arrangement 
of the two staircases winding over each other in the same space. 
The teachers’ rooms,'cloak and cap rooms, lavatories and latrines, 
all communicate with the different atairs; in the latter a careful 
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construction of glazed stoneware, with a flushing apparatus, has 
been adopted to insure cleanliness. 

The style, in accordance with the every day material used, 
is simple and structural, as our illustration shows: in this 
instance, it has been an object that on entering the building no 
feeling of disappointment should be the consequence of a forced 
contrast with too ambitious features in the exterior. 

The foundation stone of this building was laid on the first of 
November last, by the clergy of the church in Spanish-place. 
Canon Hunt officiated, assisted by the Rev. Chaplains J. Rhing, 
Dr. Banns, and Edward Taylor, the manager of the schools. 

The accommodation is for six to seven hundred children. 
Mr. J. Ross is fitting the rooms with improved desks, &c. of 
American birch. The contractor, Mr. G. P. White, of Pimlico, 
has energetically carried on the works during the winter months, 
and with evident security. The architects are Messrs. Willson 
and Nicholl, of Marylebone-road, London. 
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ON PHOTOGRAPHIC DISTORTION. 
By Roszgr H. Bow, C.E. 


“ CHART DISTORTION.” 


Prays and charta become worse than valueless when copied so 
as to have distorted scales; it is therefore a most important mat- 
ter to free the copying as much as ible from this defect. 

Believing that this distortion exists to 4 much greater degree 
than is generally thought, and that the usual combinations for 
copying are not so perfect as they get credit for, I trust the so- 
ciety will excuse me for treating of the subject at considerable 
length, although not so fully and completely as I could have de- 
sired; but the subject is new to me, the calculations somewhat 
tedious, and the aid to be obtained from the ordinary treatises on 
optics very doubtful indeed. The chief information and the 
higher researches on the action of lenses are confined to the pro- 
duction of the most perfect image of an object seen under a very 
small angle of view, of which we may take the moon, or about 
half a degree, as the greatest; whereas what the photographer 
desires is an angle of 50 or 60 d or more if he can get it. 
The questions are so different that one of the first proceedings of 
the photographic optician is to turn thelens exactly the reverse 
way of that directed by the astronomical mathematician, sacri- 
ficing fine definition at the centre of the picture for a more gene- 
rally distributed though far inferior excellence. 

The Origin of the Distortion —1f we were to take a copy of 
our chart by means of the rays passing through a pinhole, or by 
means of a very small lens of considerable focus, that copy would 
be free from the defect we are now considering: the various lines 
would be more or less hazy and indistinct, but their positions and 
distances would be everywhere correct, according to the scale of the 
centre. The want of sharpness, however, in the best ofsuch copies 
thus obtained, except when the size is very small com with 
the length of focus of the lens, is so great, that we are driven from 
this simple to more complex arrangements in search of “ flatness 
of field,” or of such a condensing of the oblique and straight pencils 
of light aa to bring them all to their foci in the same plane. 

The diagram, Fig. 1, exhibits the different foci for some pencils 
of light all at the same very oblique angle, but. passing through 
different parta of the lens, and at once points out the use of a stop 
at SS, to cut or stop off all the rays which come to the shorter 
foci; and this device of a stop is the principal step in all arrange- 
ments for obtaining flatness of field. 

Unfortunately the employment in this manner of a stop brin 
with it the evils of chart distortion; thus in Fig. 2, let AI = 1D. 

The rays OA and OI, coming from an object beyond the stop, 
would give a correct projection on the plane of AD; and therefore, 
in order that. the image formed at PF may be correct, PR should 
bear the same proportion to RF which AI bears to ID, and it 
would do this approximately if the tangents of the angles of re- 
fraction were proportioned to the tangents of the angles of inci- 
dence, i.e, if PP’ to RR’ were as AD to ID; but it is the sines of 
the angles and not the tangents which are proportionate, the con- 

uence is that PF compared with RF is too small, or the ray 
OAP is too much refracted to give an undistorted image. 

In ealculating the distortions produced by the different lenses, 
and in comparing the effects producible by combining two lenses 
one on either side of the same stop, it will greatly facilitate the 


* Continued from page 26. 
14 


58 


operations if we assume certain rays passing the stop at definite 
angles; and perhaps the rays shown in Fig. 2 are the most conve- 
nient for our purpose. The extreme ray istaken at thirty degrees 
with the axis of the lens, and the tangent to it, AD, is divided 
into four equal parts, so that the angles of the other rays are as 


Fie. 1. 


Nots.—The more curved “ field” is given un the central 

part of the lens alone: the flatter **field" is o! by placing : 

A stop at BS. 2 
marked in the figure. Taking AD as the unit of our dimensions, 
KD will be = 0775, ID = 0*5, and GD = 0°25, also the distance of 
the stop or OD will be—17732. Allthe other dimensions, such as 
the radius of curvature, distance of object or image, &c., are to be 
referred to this same unit AD. All the lenses here considered are 
plano-convex. 

The Unit of Non-Distortion.—The amount of the distortion will 
diminish towards the centre of the picture, the tangents and sines 
becoming there more and more nearly equal, and at the centre the 
ds testion will be mae (ite: ts "be edid i 

we imagine a ray Om (Fig. 2) to be exceedingly near to the 
axis, then the ratio which VP Deus to mD gives Es a standard by 
which to calculate the amount of distortion produced upon any of 
the radii, such as DG, DI, DK, or DA; ad if we make the value 
which DA should possess in the picture at PF (if it were undis- 


TaBLE L— Of Results of Calculations. 


Radius of - z 2 g 
Curvature of Lens | No. of Line n 1 1 1 
and ita Distance [» [9 pu 
OD from Stop, > & E 2 
Rad. = 3. 
1 0-8846 | 0°6994 | 0°4850 | 0-2480 
OD = 1.782. 2 0°1154 | 0°0506 | 0°0150 | 0-0020 
3 11°54 6°74 3:00 0:78 
4 2:94— | 2°96- | 2-937 jsay2°94 
5 83-90 19°97 8-80 2°30 
Rad. = 3. p = 
1 *9259 7172 *4908 *2486 
OD = 0:866. 2 “0741 *0328 *0097 *0014 
8 7°41 4:88— | 1°94— | 0°57 
4 2:85— | 2-88 2-76 say 2°8 
5 21:12 12:89 5:35 1:60 
Rad. — 4. 7 
1 *9045 *7081 *4878 *2184 
OD = 1:732. 2 0955 *0419 *0122 *0016 
3 |955 1559 |243 | 0-64 
4 2:95 2:97 2:92 say 2:94 
5 28:17 16-60 7:10 1:88 
Rad. — 6. 
1 *9275 -7187 *4906 |-24S8 
OD = 1:732. 2 *0725 *0318 *0094 |:0012-4- 
8 7T:25 4:17 1°89 0:49-- 
4 2:94— | 2:94-- | 2-03 say2:93 
5 21:32 12:20 5°55 1:44 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


(Feb. 1, 1862 


torted like the centre) equal to unity, the actual values of PF, TF, 
RF, and QF, when compared with 1, 0°75, 0°5, and 0°25 times this 
undistorted value, respectively, will indicate the amount of con- 
traction which each has undergone. The ratio which mD bears 
to wD when the ray Om is infinitely near the axis is 


where u —index of refraction, D = OD, T = DE, and R= radius 


P 


Fre. 2. 
of curvature of AE, and taking u = 1*5, and since AD = 1, the 
value of our unit of non-distortion is — pee +i T 


The courses of the four rays have been calculated for the various 
examples with considerable care, the effect of the thickness of the 
glass, &c. being taken into account. The index of refraction em- 
ployed has been taken as usual — 1:5 for the sake of convenience, 
although a higher value would have been better. 

The results are given in Table 1. It will be observed, from the 
second and third lines, that the absolute contractions of the radii 
vary nearly as the cubes of their lengths, and that the percentages 
of contraction are therefore nearly as the squares of the lengths. 


Explanation of the Table. 

The first line gives the values to which the various radii are reduced by 
distortive contraction when the distance DF is assumed to be infinite (and 
are then proportional to the tangents of the angles of emission.) 

The 2ud lino of resulte gives the absolute amount of distortive oon- 
traction. 

The 3rd line gives the per-centage values of the distortions of the 
radii. 

The 3rd line also expresses the per-centage of lateral distortion of a 
body situated at the extremity of a radius. 

e 4th line gives the values of the index n calculated with reference 
to the ray nearest the axis, so that r* varies as the absolute distortion. 

The 5th line gives the per-centage values of the radial contractions 
taken at the extremities of the radii. These are shown, by detailed calcu- 
lations in the original paper, to amount to n times the value given in the 
3rd line for the total radial, or for the extreme lateral contractions. 

(To be continued.) 
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Specimens of Early French Architecture, selected chiefly from the 
Churches of the Ile de France, and Illustrated in Geometrical 
Drawings and Perspective Views. By ROBERT J. JOHNSON, 
M.RI.B.A., Architect. Parts L, IL, and II. 


In giving a passing glance in our notice of Foreign Publica- 
tions atthe ‘Monuments of Medieval Artin Austria, of Helder 
and Eitelberger, we remarked that the work would be perhaps more 
esteemed by the antiquarian than by the students of practica] archi- 
tecture such as we find them in this country at the present day. 
The very reverse of this observation applies to the work now under 
notice. Itis neither more nor less than a selection of the sketches 
made by an architectural student during a continental tour, 
elaborated into good but not highly-finished drawings, and pub- 
lished. Much the same thing has been done in the recent and 
well-known works of Mr. Norman Shaw and Mr. Nesfield, and in 
some earlier instances: the present work, however, differs from 
the two just named in being confined to one country, and as a 
rule to one province of that country; and differs also in the . 
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style of lithography adopted, being executed entirely in line 
lithography. 

About one-third of the proposed series is now published, and 
from that we can judge of the selection of subjects and of the ex- 
ecution of the plates. The subjects are of the twelfth and thir- 
teenth centuries, and may be appropriately described by quotinga 
few lines from a letter from Mr. Gilbert Scott, recommending 
the work, which is incorporated in the prospectus. “The build- 
ings which you have selected for illustration," remarks Mr. Scott, 
“belong to that partof France which was tne very cradleof Pointed 
architecture, and where it assumed its purest and most perfect 
forms; and the subjects themselves, while they are of the highest 
excellence, are mostly on a scale which renders them more sug- 
gestive to the student of our own day than those of a more mag- 
niücent class.” Abbey and parish churches, of dimensions and 
elaboration not exceeding those now built in this country, have 
accordingly been chiefly selected, and are illustrated by external 
perspective sketches, measured sections and plans of portions to a 
small scale, occasional internal perspective views, and frequent 
details of mouldings to a scale sufficiently large for all practical 
purposes, with some few examples of carving. These are clearly 
drawn in line lithography, and the author shows very considerable 
skill in dranghtsmanship, which here and there, as for example 
in the exterior view of St. Framboise at Senlis, and the interior 
of St. Martin at Etampes, rises to high artistic power. 

In one respect, however, the work is deficient; the representa- 
tions of sculptural decoration are inferior to those of purely archi- 
tectural forms, a point the more to be regretted, because the 
sculpture of these early French works, at once characteristic, 
simple, and effective, forms one of their strong claims on our 
attention. Compared with the woodcuts of Viollet le Duc, or the 
lithographs of Mr. Nesfield, Mr. Johnson's drawings of sculp- 
tare leave much to be desired, may we hope to be amended in 
fature portions of the issue. This excepted however, the work is 
a most acceptable addition to our scanty and incomplete stock 
of architectural literature. It is prepared by an architect, and 
for architects, and will be found to convey very much the in- 
formation which every student of French churches would like 
to collect for himself; and, with perhaps here and there a little 
additional finish, in very nearly the same form in which a well- 
kept sketch book would preserve it. 

he views of towers aud steeples, which, by the bye, theauthor 
refers to in his prospectus as a distinct feature of his project, will 
be found peculiarly valuable and suggestive, aud the distinctness 
with which they are drawn renders them very useful for study. 

This work, we may add, is now in course of publication in 
monthly and is intended when complete to contain about 
100 half-imperial plates, which at the price charged per part will 
cost under 9d. a plate. We hope to take another opportunity of 
noticing it, either during its publication or upon its completion; 
and in recommending it heartily to our readers, we are induced to 
&dd one or two words as to the value of all such works. 

Addressed mainly to students and to practitioners actually 
engaged in architectural work, these books of sketches offer a 
mass of valuable but miscellaneous information, in a form in 
which it is of far greater use to the collector than to any other 
person. No one could make for himself the series of aLetches 
and measurements which this or any similar book contains with- 
out acquiring in the process a mass of the most valuable infor- 
mation, which almost insensibly will arrange itself in the mind, 
and be of great value. It is, however, possible not only to possess, 
but even to examine such a work as this without sensible benefit ; 
nay, more, it is a matter of some difficulty to extract from it all 
the information which it can afford ; aud to those who possessing 
this volume desire to master the subject of it, we recommend an 
attempt at classification of its contenta by means of rough sketches 
made from the drawings themselves, as more likely to aid them 
in the study of French architecture than repeated inspections, or 
dh the occasional extraction of a feature or a detail, or a general 
outline. 

Far different is it with such a book as Sharpe's Parallels, a 
work probably at the head of its class in England. Here, not 
only has the information been collected, it has also been digested, 
systematised, and arranged, and it is presented to the student in 
such a form that he aiti bacis turn over the plates without gain- 

ing lasting instruction. It is, however, idle to expect that every 
student who undertakes the labour of preparing an illustrated 
book on architecture, whatever he may in part do for his own 
, benefit, or in his own mind, should be able to devote the time and 
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trouble requisite for the production of highly studied works of 
this class, Such a miscellaneous collection as that before us, 
although not much more than a mass of materials, is of great 
value to students, and will prove to those about to proceed to 
France a very good example of what to study and how to study 
it, so far as “study” refers to actual investigation, sketching, 
noting, and measuring on the spot, exclusive of future classification 
and generalisation of the materials so gathered. To architects 
this book will no doubt often furnish a suggestion, and sometimes 
a precedent; and to some future writer it may furnish some of 
the materials for part of a great work which has yet tQ be written, 
if written it ever will be, now that the most celebrated of English 
art critics is understood to have abandoned the attempt in despair, 
disheartened, and disgusted by the ruthless and wholesale destruc- 
tion of the genuineness of medisval monuments in France which 
recent “restorations” have occasioned. A work that should fully 
unfold the rise and growth of pointed architecture in France, the 
country of its greatest excellence if not of its birth, and which 
should systematize and comprehend much ascertained information 
that many labourers have collected, either for their own use or 
for publication; and giving a connected view of the whole, should 
also trace, step by step, alike the contemporaneous progress and 
the various devergencies which Gothic architecture in France 
exhibits in so marked a manner. 


The Mechanics of Construction. By SrTEPHEN Fenwick, F.R.A.S., 
of the Royal Military Academy, Woolwich. London: Bell and 
Daldy, 1861. 

This work treats of the theories of the strength of materials, 
roofs, arches, suspension bridges, &c., and of the application of the 
results of theory to particular cases. What the author appears to 
have proposed to himself seems to have been to enable the student 
not only to become familiar with the general scientific principles 
of construction, but to learn howtoapply them readily. This object 
ia very satisfactorily sought by means of careful explanation and 
numerous well selected examples. There are also given several 
tables of the strength, weight, &c., of materials. The author has 
brought to his task a thorough acquaintance with the mathema- 
tics of the subject, and some study of various English and foreign 
works on constructive mechanics and kindred topics, which are 
enumerated in the preface. We may as well give Mr. Fenwick’s 
account of the scope and design of his book in his own words:— 

“I have divided my subject into two parts:— 

The first part includes the theory and some of the applications of the 
strength and resistance of materials. The second part contains the theory 
and the construction of roofs and arches. The straining forces which act 
upon a structure having been determined by simple statical considerations, 
formulæ of solution are thence deduced by the theory established in Part 
I., with tho ultimate view of estimating the strength of each particular 
construction. These formulæ are the result of exact mathematical reason- 
ing. The various experimental data which have been adopted are placed 
in convenient juxtaposition with each corresponding theoretical section. 

Throughout the whole work the method of determining the dimensions 
of the different parts of a structure, in order to fulfil certain conditions, 
has been attentively kept in view. This important feature constitutes a 
distinguishing characteristic of the present publication. In no other En- 
glish work is this method adopted with respect to torsion, solids of equal 
resistance, roofs and arches.* 

With the desire of rendering my labours more easily available, I bave 
divided the work into small chapters, and in some cases each chapter is 
subdivided into sections. Chapter I., Part I., contains some necessary 
introductory remarks, and the first principles of the resistance of materials. 
This part of the subject is developed at considerable length. In the pre- 
liminary observations the practical man is cautioned against, trusting im- 
plicitly to the formule established in Part I., when the straining forces 
which act upon a body pase certuin limits. It is a remarkable fact, 
noticed by all experimentalists on the strength of maerials, that after 
a certain point has been reached, any addition of strain increases the 
dilatation of a body in a much higher proportion than before this limit is 

. This, it is conjectured, arises from the disunions of the particle 

of the body whose joint action contributed to the whole effect. Hence I 

have taken the utmost care to cite from the best authorities the ne 

constants for those limits, which are usually denominated coeficients of 


safety. 


* “In the new edition of the * Encyclopedia Britannica’ just completed, in the 
article on the Strength of Materials, we are told that the writer has not been able to 
deduce the formula for the resistance to torsion of a cylindrical body when the le: 
of the cylinder is taken into account. This formula is given in the present Treatise, 
and according to Morin, the truth of the formula has been verified by the experiments 
of MM. Duleau and Bayart.” 
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The want of a small and compendious volume fer the use of students of 
military and civil engineering haa been of late greatly felt, especially 
since the highest educational authorities have introduced these branches of 
study into the programme of the examinations for engineer and artillery 
officers. To supply this want is the main motive that has impelled the 
author to draw up the present treatise.” 

The first part, which treats of the resistances to Extension, 
Compression, Flexure, and Torsion; Moments of Load; Sectional 
Form of Beams; Estimation of Deflection, &c, is very clear and 
accurate. There is one clause indeed (the 25th, on page 34) in 
which we fail to find our author's usual transparency, although 
the course of proof is geometrically exact. In this clause the sum 
of the moments of inertia of a surface about two perpendicular 
axes in its plane is equated with the moment of inertia about an 
axis passing through the point of intersection, and perpendicular 
to the plane of the surface. Now the former are moments of 
inertia opposed to transverse flexure, while the latter is the polar 
moment of inertia measuring the resistance to torsion. The equa- 
tion would therefore be apt to puzzle a learner, since torsion is 
not treated of until further on in the book. We think, however, 
that Mr. Fenwick’s line of argument might be readily so moditied 
as to prove the following general theorem:—‘ The sum of the 
moments of inertia of a surface about two axes in its plane and 
perpendicular to each other is constant, when the point of inter- 
section of the axes is fixed, but their directions variable.” It is 
easily deduced fron this theorem that the moment of inertia of a 

uare bar ig the same whatever the direction of flexure; í.e., 
whether the bending be parallel to a side, in the direction of a 
diagonal, or in any intermediate direction. A square bar there- 
fore resembles a cylindrical bar in being equally stiff all ways; 
though it differs from the cylindrical bar in not being equally 
strong all ways. 

The proposition to which we have demurred is however 
merely a subordinate one, and the subsequent proposition (to 
which it is ia a certain sense a lemma) is capable of indepen- 
dent demonstration. 

As a specimen of the manner in which our author handles the 
analytical part of his subject, we make the following extract 
from his chapter on Solids of Equal Resistance, under which 
title he treata of beams whose sectional strength is every where 
proportional to the strain. We may as well first explain that S 
denotes the extreme strain of compression or extension at the 
top or bottom of the section under consideration:— 

* PROBLEM 4. A body of length / rests in a horizontal position on 
two supporta at its extremities, and is uniformly loaded along its whole 
length with p lbs. on every unit of length. The cross sections of the body 
are rectangles, the middle one of which is of breadth b and height A; deter- 
mine the form of the body in order that ita resistance to fracture may be 
the same at every section, the breadth being constant throughout its 
whole length, but the height variable from the middle to each extremity. 

For the cross section of the body in the middle we have by Arta. 85, 40, 


Pia. 28. 12 
ERE Be = gj, 
13 
i or s=} 55 0) 


and for a section of the body of breadth b and height y at a distance z 
from one end we have, by Art. 35, 


P z(L—2) = 4Sby’, or S = Sps(—2) 


ia . (2) 


Wherefore, as the resistance is to be the same for every section, the ten- 
sion S per unit of surface must be the same for all the sections of the 


body. Hence, by (1) and (2), we get for the section of the solid, the ` 


equation, 


1 pU 22 3pz(l—2) 


4h: 
Wc or y= F (z—e?). 


This is the equation of an ellipse, and hence the form of the body is de- 
termined 


ProsLem 5. Find the form of the body in the last problem when the 
height is conetant and the breadth variable. 

Let the body have at every section an equal height A, and at a distance 
z from one end let the breadth of tbe section bez. Then by the reasoning 
of the preceding problem, we get between x and z the relation. 


Spz(l — z) 1 
m E (1) 


In order to determine the nature of this curve let us remove the origin 
of co-ordinates from one support to the middle poirit of the line which con- 


- d». us ,orz + (lz—z?) 


i 
nects the two supports. This will be effected by writing in (03 =z Íorz, 
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Hence the equation of the curve becomes, in reference to the new axes, 
4b ( p —#)= ze o (2) 
DNA 

In order still further to simplify the equation ef the section of the solid 
let us remove the new origin of co-ordinates to the extremity of the breadth 
b of the middle cross section, by writing in (2), b — z for z. The equa 
tion (2) then becomes 

n 
2— 
£ re ER m Se (3) 
Hence it is obvious that the extremities of the variable breadth lie on a 
parabola which has its vertex at the extreme point of the middle breadth b. 

The ground sketch of the body is therefore a figure similar to a rhombus 
whose sides, however, are formed by four similar parabolas, every two of 
which coincide with their vertices at the extremities of the middle 
breadth 5." 

The Deflection of Beams is treated in a very satisfactory man- 
ner. There are howevertwo slips, which are soobviously such that 
we should not care to mention them but for the possibility of their 
perplexing beginners, and the ease with which the corrections 
might be made. One occurs on page 84, where it is stated 
that “the deflection produced by a weight uniformly distributed 
along the length of a beam resting on two supports at its ex- 
tremities is equivalent to the deflection produced by $ of this 
weight condensed at the centre of the beam.” It should read 
“8”; for the deflection caused by a distributed load of (say) 
8 owt. is SUA to that caused by 6 cwt. collected at the centre. 
As the whole of the context ia correct, this error simply lies in 
reversing the fraction. Theother occurs on page 86, and is ex- 
actly similar, where we read—'* When a beam is fixed at one ex- 
tremity, the deflection proonced by a weight attached to its free 
extremity is equal to that which would be produced by $ of this 
weight distributed along the whole length of the beam.” Instead 
of “§” it should be “$” 3 cwt. at the extremity would cause 
the same deflection as 8 cwt. distributed. 

The subject of torsion is discussed in a remarkably lucid way. 
As praan attention is challenged in the preface to this portion 
of the work, we extract it. We hardly think any of our readers 
will need to be reminded that the “angle of torsion" denoted by 
4 in the formule is measured, not in degrees or minutes, but in 
terms of the arc divided by the radius. 

“A prism experiences a simple torsion when a cross section of the 
prism turns, relatively to a section indefinitely near to it, round the axis 
of the prism. The priam is consequently subjected to exterior forces 
which tend to twist it about its axis. 

The angle of torsion is that which two lines originally parallel and pass- 
ing respectively through the centres of the two cross sections of the prism 
indefinitely near to each other make between them after the distortion of 
the prism. 

To find the resistance to torsion of a homogeneous prism. 

Let us consider two cross sections of the prism near to each other, and 
the elementary fibres included between these sections. The exterior 
twisting forces will cause one of these sections to rotate, relatively to the 
other. about the axis of the priam. Wherefore one of these sections being 
regarded as fixed, a point in the other section will undergo an angular 
displacement by torsion, equal to the arc r’ 8 r’ being the distance of this 
point from the axis of the prism, and 8 the circular measure of the angle 
of torsion. If we take the ratio of this displacement to the distance | 
between the two sections, or the length of the fibre of which the point 
under consideration may be considered as one exttemity, we shall have 
for the displacement of this fibre referred to the distance between the two 
sections, the expression 

Dd 

i: dac. ae ' oe 
Now it is found by experiment (see Morin's ‘ Résistance des Matériaux,’ 
p- 455, edition of 1857), that the resistance t of a fibre to torsion is pro- 
portional to the expression (1) and the area of the fibre. Calling a then 
the area of a fibre at a distance r’ from the axis of the prism, and E'a 
constant to be determined by experiment, we have as in Art. 29, 


t=E 2 a. s v. (9) 


The distance ? between the two sections of the prism being the same 
for all the fibres of the section in which a is the area of one, the greatest 
displacement, and consequentlv the greatest resistance, is the value of (2) 
forthe fibre the most removed from the axis of the prism, or for the 
greatest value of r', which we shall denote by r. 

The moment of the resistance (2) about the axis of the priam ia, 


E : . ar'?, 
and the sum of all the similar moments for the whole section is 
E 525, 
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The expression X(ar'* which has been called the moment of polar 
inertia, is evidently the moment of inertia of a cross section of the prism 
about an axis through its centre of gravity and perpendicular to its plane. 
Denoting it by I,, the sum of all the moments of the molecular resistances 
to torsion for the crogs section of the solid is 


E... "EE 


Now in order that equilibrium may exist between the exterior forces which 
tend to produce torsion and the molecular resistances to torsion, the sum 
M of the momenta of the exterior forces must beequal to the sum of the 
moments (3) of the molecular resistances to torsion, so that we shall have 
tbe equation 


M=P .4.1, see ue uud) 


Such is the general relation which expresses the condition of equilibrium 
between the molecular resistances to torsion and the exterior forces, for 
each section of a homogeneous prism. - 

The corresponding expression for a cylindrical prism or shaft of length 
L is deduced in the following manner. 

Torsion of a cylindrical beam or shaft. 

Let us consider a cylindrical beam or shaft AB (Fig. 33), acted upon 
by a force P which tends to twist the Fia. 88 
beaan about ita axis. 

Then if all the croas sections of the y 
beam between A and B be sup 
to be equally fixed, the effects of tor- 
sion will be transmitted progressively 
to the cylindrical beam from the ex- n 
tremity A to the extremity B, so that 
any one section of the beam will ex- 
perience the effecta of torsion only when 
the immediately preceding section to 
this begins to rotate. Consequently the extreme section B will begin to 
move only when all the sections which precede the section at B have 
been put in a state of torsion. 

Let a cylinder in a state of torsion be 
projected on two planes perpendicular 
to one another, the circle ABCDEF (Fig. 
34) being the projection on one of these 
planes, and the figure GdfH the pro- 
jection on the other plane. 

Theu a particle A at one extremity of 
the cylinder has been transmitted by the 
torsion of the cylinder to a certain point 
at D, at the instant the co! ding 
point a at the other extremity of the 
cylinder begins to move. Hence the 
generating ine Aa of the cylinder has 

curved into the thread of a screw, 
of which the projections on the respec- 
tives planes are ABCD and abcd. 

Likewise the point (A, v) of this gene- 
rating line has been removed to (C, c), 
the point (A, u) to (B, b); and so on. 

ence it follows that the section df has turned through the angle of 
torsion AOD: the section cv through the angle AOC, &c. 

Let L be the lerigth of the cylinder; then by the property of the screw, 

arc BC _ arc AD _ are AD 


Fro 84. 


a =- Oe , & being in df. 
Applying this result to (4) of last article, we get 
M=E’. L I, MEUS 
M.L 
rac Sas . (2); 
a Jus @) 


a being the angle of torsion for the whole cylinder, and M the sum of the 
moments of the exterior forces. The quantities E' andI,, are the same 
asin (4), Art. 66. 

Cor. It appears from (2) that the angle of torsion is directly propor- 
tional to the sum M of the moments of the exterior forces, and tothe dis- 
tance L between the extreme ends of the cylinder. 

Obs. According to General Morin, these results have been verified by 
the experiments of MM. Duleau and Savart. (Morin's Résistance des 
Matériaux, p. 455.) 

The equation (1), Art. 67, may be put in a more convenient form for 
use in the following manner:— 

Since I, is the moment of inertia of a circular section of the cylinder 
about an axis perpendicular to ita plane and passing through its centre 
of gravity; if r be the radius of the cylinder, we have by Art. 45, 

I, = 4rr. 

Wherefore (1) of Art. 67 becomes 


. E’arrt 
=e 2L 
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For hollow axles or cylinders I, = §x(h,4 — Ay‘), Ay, hy being 
respectively the exterior and interior radii; and therefore for hollow 
cylinders , 

M- Zar (i, — he) (2) 

Values E’ in the formula (1), Art. 67, for different materials in 
eden avoirdupois per square inch, from Morin's work on Dome des 


aux, " 
Wrought-iron TON m ze ss E' = 8,533,700 
Iron in bers... " das wee wae E’ = 9,481,000 
German steel wes p ste ee E’ = 8,584,000 
Cast-s very fine ies L4 E' —14,223,000 
CM = v EE isi ace E = 2,845,000 
Copper ge sts HT ..  E'- 6,210,000 
Bronze d. E s Ves i E' — 1,616,100 
Oak ... Sus oe bos RT de E’ = 569,000 
Fir ... e x E' = 616,000 


The Second Part of the work deals with Constructions. 

On the subject of roofs we find much that is sound. We espe- 
cially notice the investigation of the action of the collar or cross- 
beam in relieving rafters from transverse strain, but at the same 
time increasing the thrust. This is a fact well known to those 
who are familiar with the theory of roofs, but we are not certain 
how far it is more poly recognised. We are, however, not 
quite able to follow Mr. Fenwick when he adds, that if the cross- 
beam were left out the rafters would bend so as to reduce the 
angle of inclination of their lower extremities, “and consequently 
the thrust would become greater;” if it be meant that this re- 
‘duced inclination would increase the thrust in any appreciable 

degree. 

The Theory of Arches is investigated geometrically, at con- 
siderable length and with much laboriousness: attention being 
principally given to semicircular and segmental arches, which are 
trigonometrically treated. There is one point in this section.of 
the subject in which a little more explicitness might be desired. 
We find it stated (page 143) that “the greatest horizontal thrust 
a circular arch is at the reine of the arch, the corresponding jofnt 
being inclined to the vertical at an angle of about 60°.” (It is the 
circular arch without surcharge or loading that is spoken of here.) 
Again (page 150), “the thrust at the reine is considerably more 
than at the springing line.” 

Nine readers out of ten would derive the notion from these and 
similar passages which occur elsewhere, that the amount of hori- 
zontal thrust in an arch was actually different at different points. 
Yet the equality of the horizontal thrust throughout the arch lies 
at the basis of all true theory. We do not imagine that Mr. 
Fenwick has any intention of abandoning this principle. It is 
therefore to be supposed that the statement that the thrust at the 
reins (or haunches) is greater than that at the springing line is to 
be understood as a short way of saying that a Line of Pressure 
touching intrados at the haunches would involve a greater thrust 
than one touching intrados at the springing, But this matter 
should not be left to inference. 

An investigation (with the aid of the calculus) of the ordinary 
and other catenaries, concludes the Second Part of the work. 
The reasoning is generally sound, and the conclusions such as 
are cuivereally accepted. We however think some explanation 
should be given where the “thickness” of a chain is spoken of, 
while what is meant is the sectional area. The curve of the Ca- 
tenary of Equal Strength is determined, and some other equally ' 
elegant problems are solved. A desirable addition would have 
been the general determination of the law of these curves by 
a formula in which the horizontal rate of loading replaces the 
tangential rate (or area of section of chain.) Such a formula ex- 
hibits more distinctly the close connection between the chain and 
the arch, and is directly applicable to the suspension-bridge. We 
observe that Mr. Fenwick investigates the case of a suspension- 
bridge carrying a loaded platform on the tacit assumption that 
the chains preserve the form of the common catenary; whereas 
when the load is heavy in proportion to the chains the curve is 
much nearer to the parabola. It is fair to state that elsewhere 
the author distinctly recognises the parabola as practically the 
curve for bridges of this description. This consideration enables 
the problem to be solved with much ease and without tables, 
and at the same time with a greater approximation to the truth. 
An appendix is added. 

The work as a whole possesses much merit, and will well re- 
ward the study of the careful and intelligent reader. 
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Elementary Treatise on Physics, by Professor A. Ganor. Trans- 
lated and edited from the Ninth Edition, by E. ATkiNsoN, 
Ph. D., F.C.S. Parts L, IL, and IIL London: Bailliére, 1861. 
This work, which treats of physics, experimental and applied, 

is being brought out in monthly shilling parte, and is expected, 
when complete, to form a volume of some 800 pages 12mo. The 
fact of the original volume having reached its ninth edition 
abroad speaks much for its scientific merit, as well as for ita 
popular character; and the first three parts, now before us, 
impress ns very favourably. The information is condensed, but 
most explicit, and there is a remarkable lucidity and transparency 
in the general treatment of the subjeet. This is doubtless mainly 
due to the ability of the author ; but it also reflects credit on the 
translator and editor, The illustrations are admirably executed 
on wood, and numerous; and the arrangement and style of letter- 
press clear and suitable. We feel confident that the volume, when 
completéd, will prove a valuable text-book. 


The Engineer's, Architect's, and Contractor's Pocket Book for 
1862. London: Lockwood and Co. 

The edition for 1862 of this very useful work contains the usual 
ne complement of data, together with some original articles 
and sundry additions, In turning over the pages we observe an 
interesting paper on sewers, with a plate showing a plan of the 
metropolitan main sewerage system. There are also tables of 
natural sines, cosines, &c., for every ten minutes in the quadrant, 
which, with the explanatory notes that accompany them, are likely 
to provi extremely serviceable to many who do not possess tables 
of logarithms, or who do not care to use them. An obituary of 
emiuent engineers and architects, and of some other prominent or 
useful men, closes the work. 


FOREIGN PUBLICATIONS. 


"Ix another part of the present number will be found the first 
portion of a translation of the official programme to which we 
recently referred in noticing the Révue Générale. 

The recent numbers of Nouvelles Annales de la Construction con- 
tain much interesting matter and some useful illustrations. 
From these we may select for notice an elevation and details of 
the lattice girder railway bridge over the river Meuse near 
Mestricht. The descriptive account of this bridge, though con- 
densed, is very complete. The bridge is one of six bays—the 
two widest having an opening of 30 mètres (98 ft. 6 in), and the 
four others being 27:50 métres (90. feet) each. The bridge is 
arranged for a single line of rails, and consists of two deep lattice 
girders carrying the roadway between them. The principal 
scantlings and Siuesilons are given, also the weights and cost 
of various portions and of the whole, together with the actual 
results of proof both by a rolling and a stationary load. The 
notice of the bridge concludes in a manner too rarely attempted 
in this country, for the writer, pointing out that the weight of 
iron employed as compared with the duty to be performed is con- 
Siderably in excess of the proportions to be found in recent 
French works, proceeds to give a theoretical explanation of how, 
in his opinion, that excess might have been diminished. With- 
out transferring the whole investigation and the illustrations to 
our columns, for which we have not space, it would not be fair to 
attempt any opinion of our own as to the extent to which this 
view 18 tenable, further than perhaps to remark that an en- 
gineer having a proper desire for the stability of his work will 
in some cases resort to scantlings much in excess of what have 
at times been used, and will not be to blame for so doing ; but 
we mention the circumstance as showing an admirable spirit of 
close and critical examination, such as cannot always be 
attempted in this country without provoking expressions of sur- 
prise, and even of resentment. 

Contrary to general expectation, a further portion of two 
works published under the auspices of the French Government 
has recently appeared; one is the magnificent Monographie de la 
Cathédrale de Chartres, which has already been noticed in our 
pages, and the other is the Archives des Monuments Publiques, 
which we have also mentioned. In both instances, the plates 
fully equal those already given, aud contain subjecta of beauty 
and interest. Among the churches chosen for illustration in the 
recently published part of the Archives, one of especial value, 
St. Saturnin at Toulouse, must be especially indicated. This 
exceptional church, peculiar in its stylo, ite material and its 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL 


[Feb. 1, 1868 


grandeur, not to say in its reputed sanctity, is very well illus- 
trated in five plates, the execution of which is magnificent. 

In a recent number we noticed a German work on the Archi- 
tectural Antiquities of Dalmatia and the adjacent provinces, by 
Professor von Eitelberger, and published in 1861. We propose 
now to say a few words as to an earlier, but connected work, 
published in identically the same form and style, and size, both 
as to letterpress and illustrations. This work, entitled Mittel- 
alterliche Kunstdenkmale des Oesterreichischen Kaiserstaates (* The 
Monuments of Mediæval Art of the Austrian Empire,) was com- 
menced in 1856, and completed October 1859. It is by Dr. G. 
Helder, the before-named Professor R. von Eitelberger, and Herr 
Hiesner, architect, and is published at Stuttgardt. It is not, of 
course, to be expected that in two moderately thick volumes of 
small folio size, with some eighty or hundred engravings on steel, 
an account should be given, or attempted, of all the mediseval 
monuments in an empire which at that time included, alonz with 
& large portion of Germany and Hungary, the whole north of 
Italy, nor has this been attempted. The authors expreas that 
their desire has been that their work “should present a picture 
of that activity in the arts which displayed itself at the period 
selected throughout the entire compass of the Imperial States, 
and should bring more within the reach of the friends of art, 
both within Austria and beyond her limits, those monuments of 
which they possessed either absolutely no representations, or very 
insufficient ones," and that in carrying it out they have in almost 
all instances contented themselves with selecting one work only 
as the representative of a large group of other works allied to it 
by local position, by chronological proximity, or by similarity of 
treatment. Milan, Venice, and Cremona afford examples of 
Italian Gothic, that style which by the labours of Street and 
other English architecte has not only been rendered familiar to 
us, but to a certain extent has been introduced among us. The 
German en which are drawn from various parts of Austria 
Proper, include every variety of period, although the most 
valuable and the most carefully illustrated examples are these of 
the greatest antiquity. It is hardly possible to praise too highly 
the patience and care displayed in this work from beginning to 
end; the large illustrations, the smaller ones on wood profusel 
introduced into the letterpress, and the careful explanations bo 
of architectural peculiarities and of archseological points, all con- 
tribute to give very complete information as to the different 
buildings selected, This work is perhaps more directly of value 
to the archeological student than to one desiring, amid the hurry 
of modern modes of transacting business, to familiarise himself 
with examples of such a character as could advantageously influ- 
ence his practice in actual architectural works; but it hasa prac- 
tical value also, and will well repay perusal by all who read 
German, and follow the arts, and especially by all students of 
mediseval antiquities. 


——< 


THE HARTLEY COLLIERY ACCIDENT. 


Tue terrible catastrophe which has carried desolation into so 
many collier’s houses differs in some essential respects from the 
generality of mining accidents. Lamentable as these casualties 
are whenever they occur (and they have been unhappily but too 
frequent), they at least seldom startle by the discovery of such 
unsuspected perils, or rivet the attention by so prolonged a sus- 
pense of hope and fear. 

The ordinary dangers of fire and choke-damp, irruptions of 
water, or fallsof earth, we have long learnt to associate with 
mining; and fatalities from these causes, however they may shock 
the public, hardly excite surprise. Inquiry may be made in such 
cases whether the proper precautions were observed; but it is felt 
after all that the best precautions can only in a measure abate the 
risk, and that eafety must still remain a mere question of de 
But the destruction of two hundred and fifteen lives in the New 
Hartley Colliery creates a sensation unusually painfal, as having re- 
sulted from a diaaster totally unexpected, preceded by no warning, 
and coming from a quarter where absolute security was reckoned 
on. 

We have no wish to prejudge a matter which will doubtless be 
made the subject of searching investigation, assisted by the judg- 
ment of scientific and practical men specially qualified to deliver 
opinion upon it. But we think that a calamity so deplorable 
ought not to be without its lesson; and there are one or two 
primá facie conclusions which we feel justified in presenting to 
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our readers, whatever further light may be looked for from official 
inquiry. 

i origin of the whole mischief was the snapping in two 
of the cast-iron beam of the steam engine, and the fall of 
the half of this beam, weighing 20 tons, down the shaft of 
the coal pit. The uncertainty of cast-iron when exposed to a 
transverse atrain is too well known; and it isa strain of this nature 
that engine beams have to sustain. The failure of the Dee Bridge 
in 1847, and the investigation to which that event gave rise, effec- 
tually checked the employment of cast-iron for longitudinal bridge 

irders; which are now almost universally made of wrought-iron. 
fiad the engine beam been formed of rivetted boiler-plate instead 
of cast-iron, the failure might never have taken place, and would 
certainly not have occurred without warning. A boiler-plate 
beam would also have been much lighter. The strength which 
had been supposed to exist in the 40 tons beam of cast-iron would 
probably have been effectually secured in a plate beam of one- 
third the weight. The risk of injury ensuing from the shock and 
jar of the weight of the beam itself, or the accidental dropping in 
the attempt to renew the brasses, would have been incalculably 
leas than in the massive and brittle casting. 

Bat if the cause of the original disaster is traceable to putting too 
much trust in ^ treacherous material, the great loss of life which 
resulted demandssomefurther explanation. Itseemsthat the opera- 
tions of working, pumping, and ventilation were all carried on in 
one shaft, so that upon this single channel of access the existence 
of every soul in the mine depended: Thus it came to pass that at 
a single blow, escape, food, and air were simultaneously cut off. 
This surely is a risk that might have been avoided. e trust 
there are not many mines where there is so fearful a stake upon: 
a single chance. It is impossible to disguise the fact that had 
there been a separate air shaft those men might have been living 
now, ventilation could then have been maintained, and the miners 
extricated more or leas speedily. As it was, the wooden brattice, 
intended to secure an upcast and a downcast in the same shaft, 
filled the bottom with its wreck, ventilation ceased at once, and 
the rising water in the lower workings was but a secondary peril. 
Had there but been an “air staple” between the yard aeam and 
the high main, most if not all of the men might probably have 
been rescued. 

It is to be hoped that points of such vital concern will not be 
left to the advocacy of colliery strikes and “double shaft move- 
menta" We trust that the investigation of this melancholy case 
may be carried to a ical issue, and that there may be some 
better security for the future against calamities so fatal and ap- 
parently 90 avoidable. 

—,———— 


NOTES OP THE MONTH. 


Bombay, Baroda, and Central India Railway.—At the recent 
mene of the proprietors of this Railway, the chairman re- 
marked that, owing to the excellence of their gradients, they had 
conveyed large numbers of passengers over the portion of line 
completed, in trains of seventy-four carriages, forty-nine carriages, 
and forty carriages respectively, each drawn by one engine. The 
construction of the iron bridges on their line had been looked 
upon as experimental to some extent, but it now appeared that 
they were a perfect success, The great work of the line—the 
Nerbudda Bridge—had been completed and opened in May last. 
It consisted of sixty spans of 60 feet each, and was 70 feet above 
the bed of the river. During the nionsoon the floods in the river 
rose 55 feet, and had a velocity of ten miles an hour. Owing to 
the alluvial nature of the soil it would have been scarcely possible 
to have buiit pen of masonry in such a position, but the screw- 
pile system o poring them, adopted by their consulting engineer, 
Colonel Kennedy, had answered admirably. They had conveyed 
4000 persons in a train weighing 720 tons, drawn by only one 
engine, on the occasion of the Hindoo holidays. Colonel 
Kennedy said, when he first proposed his plan for overcoming 
the difficuties of crossing the great rivers it was considered in the 
light of a hazardous experiment, but the plan was founded on the 
most careful analysis he could make. It was thought absolutely im- 
possible to construct a railway in that direction, and he believed it 
would have been impossible by the ordinary means. The other ob- 
object he had in view was to reduce the dead weight of their trains, 

by getting the most favourable gradients. The steeper the gradi- 
ents on a line the shorter would be the train to ascend them, and 
the leas effective would be their engine power. He pointed to a dia- 
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gram in the room showing that a passenger train six times the aver- 
age length of passenger trains on English lines had been drawn at 
twenty miles an hour over their line by one engine, which showed 
the advantage of their level line. He could have easily found 
gradients of 1 in 100 on their line, and had some difficulty in 
avoiding them. The steep gradients on English lines not only 
limited the load, but materially added to- the working expenses. 
With regard to the train that had passed over their line, they 
would perceive that instead of having six engines and tenders to 
convey it in separate trains, they on theirline only required one 
engine and tender to propel it, weighing probably 45 tons, and 
thus saving the dead weight of the other five engines and tenders, 
making together 225 tons. This wasa most important matter in 
the cost of engines and in working the traffic on the railway. 
They had to provide chiefly for third-class passengers in India. 
They had some third-class carriages constructed in two stories, so 
that every one of those double carriages would hold 100 third- 
class passengers instead of 50. They would thus get rid of a 
considerable amount of dead weight, and reduce the proportion of 
working expenses to receipts, ‘Their line was the most difficult 
to construct of any railway in India, and he believed itscost would 
not exceed £10,000 per mile, or £3,130,000; but if it had been 
constructed in the usüal way they must. have added £3,000,000 
to its cost, and, with the usual gradients, 150 more locomotive 
engines and tenders would have to be provided, at a cost of 
£450,000. 

Art Design at the International Exhibition of 1862.—The fol- 
lowing is a minute of the Art Designs Commiittee of the Interna- 
tional Exhibition of 1862. “Her Majesty’s Commissioners for 
the Exhibition, being desirous of exhibiting the progress of ar- 
designs for manufactures, would be glad to receive contributionst 
from possessors of drawings and models by British artists executed 
within the century 1762-1862. Artists, designers, and manufac- 
turers in general are hereby invited to send works, suitably framed 
and kane: or if of large size on strainers, properly prepared for 
hanging. Designs in all departments of art industry capable of 
reproduction are admissible in this class. Designs for glass and 
ceramic wares, precious and other metals, furniture and carving, 
plastic decorations, and other objects in relief; also designs for 
textile fabrics, paper-hangings, mural decorations, tiles, mosaics, 
inlays, stained, penu and decorated glass, &c. Assistance from 
the possessors of drawings and models by such artists as Chambers, 
Adams, Soane, Stothard, Flaxman, Pitts, Pugin, Wyon, and 
others is especially desired. All works must be delivered for the 
inspection of the committee, on or before the 31st of March, at 
the South Kensington Museum. 

Floating Dock Gate for Alloa, Scotland—Mr. George Macfar- 
lane, of Dundee, has nearly completed a floating dock gate for 
the new wet dock at Alloa. This gate isof a novel construc- 
tion, the usua! description allowing only of the crossing of foot 
passengers, while this is to serve for the passing of horses, carts, 
and carriages. It is wholly composed of iron, and is 42 feet long 
and 10 feet wide; is divided into five compartmentsin the height, 
the lower two divisions to be filled with masonry for ballast, 
while the others are to be water-tight, and are to act as air cham- 
bers to float the mass when the tide rises to a depth of about 15 
feet; or it can be sunk to any depth required, by opening the 
chambers and allowing the water to flow into them. This gate 
was designed by Mr. Charles Ower, harbour engineer Dundee, 

Competition Designs for the Houses of Parliament, Sydney.— 
Out of the twenty sets of designs submitted, it will be remem- 
bered that six were selected, bearing the following mottoes:— 
“I bide,” * Hora e Sempre,” “ Palladio," * Fide et Virtute," “ Sic 
fortis Etruria crevit," and “Follower of Wren.” First premium 
(£600), design marked “I bide.” Second premium (£300), design 
marked “Hora e Sempre.” The design marked “I bide,” was 
by Mr. William Henry Lynn, of 64, Upper Sackville-street, Dub- 
lin. It is in the Gothic style, the cost of executing as estimated 
by the Colonial architect, would be £642,205. The architects of 
the design marked “Hora e Sempre,” are Messrs. Stent and 
Laver, of 127, Great Portland-street, Portland-place, London, and 
Ottawa, Canada West. There were two designs under the above 
motto,—the one Grecian, and the other Gothic. Both of the 
designs were considered by the commissioners, but they have 
given their award upon the Gothic design. The classic design of 
* Hora e Sempre” would cost to execute £656,641, and the Go- 
thic design £505,113. Of the twenty designs sent in for compe- 
tition, eleven came from Europe, and of the remaining nine only 
five are attributed to Sydney architects. 
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The Stephenson Memorial.—Great progress has been made with 
the Stephenson memorial about to be erected in Newcastle. Four 
of the statues are already cast in bronze, and in the hands of the 
chaser; the fifth will shortly beout ofthe mould. The stones for the 
pedestal have been for some time past in course of selection, but 
their large dimensions preclude their being collected other than 
gradually. 


——— ,À—— 


CLASSIFIED LIST OF PATENTS SEALED IN JAN. 1862. 


During the year 1862 a classified analysis will be given in this Journal 
Y the Patents provisionally specified and sealed under the authority of 
. M. Commissioners of Patents." 


1975 Bovill, G. H.—Shipe of war and other veesels, and manufacture of armour and 
other plates of wrought iron—Auguat 8 

1814 Rogers, J. W.—Shipe and floating batterice—July 18 

2076 Muntz, G. F.—Sheathing iron p or vessels — August 20 

1838 Brooman, E. A.—Propelling veasels by superheated steam (com.)—July 19 

1882 Harfield, W. H.—Propeliing ships and vessels —July 27 


1758 Adams, J.—Revolving firearms and cartridges—Jaly 12 
1868 Sidebottom, J.— Firearms and ordnanoe—J aly 24 

1887 Sturrock, G.— oading fire-arma — July 29 

1964 Mennons, M. A. F.—Breechloading fire-arms (com.)—August 7 
1824 Brooman, R. A.—Breochloading ordnance (com.)—July 19 

187: Robertaon, C.—Sights for firearms—July 25 

2098 Richardson, W. — Improvement in rifles and projectiles—A ugust 21 
1988 Vavassenr, J.—Transportable machine for g cannon—August 8 


1979 Kinsey, H.—Steam engines and boilers— August 8 
1932 O'Harlow, P.—Improvements in marine steam boilers—August 3 
1851 Hnghes, T.—Improved steam generator—July 24 


1727 Handcock, E. R.—Applying motive power—July 6 

2968 Macintosh, J.—Obtaining and applying motive, steam, and liquid power — Nov. 25 

1750 Farron, J aa and fittings for steam engines and boilers—July 11 

1754 Messenger, T. G.—1mprovementa in valyes—Jaly 11 

2878 Newton, W. E.—Steam engine governers (com.)—November 15 

1818 Shaw, P.—Hot-air engine—July 19 

1919 Benton, R.—Obtaining rotary motion by the use of the gravitating power of solid 
or fluid matter— August 2 

1669 Maillard, N. D. P.—Selfacting aud inexhaustible hydraulic and atmospheric 
motive-power engines—A ugust 8 


1848 Griffin, G. F. —Permanent way—July 23 
Blinkhorn, J.— Railway sign «Jul; 16 

1890 Riley, R.—Improvement in fc signals July 29 

1880 Thatcher, R.—Improvements in lubricators—July 20 

1891 Melrose, W.— Construction of railway wheels—July 29 

2002 ate amet or Breaking apparatus for railway and other vehicles (com.]— 
u 

1845 Dumesnil, N. E —Lubricating machinery—July 25 

1907 Rylands, J - R. T. G. and Rylands, P.—Joining wire for telegraphic conductors— 
uly 

2081 Bethell, J. —Manufsctare of journal axle bores, &c. from steatite—August 15 

2843 Johnson, J. H. Improvements in making beta, ht jointe November 12 

2585 Downs, J.—Improvement in hydraulic p ctober 10 


2001 bp cus As Apparatus for cutting up and reducing dye and other wood.— 


august 
1848 Thompson, R. — Woodcutting machinery—July 28 
1829 Price, W.—Tools for cutting shirves or other conical blocks—July 20 
2243 White, R. O.—Manufactore of bricks —8September 7 


1767 Smith, T., Taylor, G. — Horse rakes and cultivators—July 18 

2555 Newton, A. V.—Machines for cleansing and dressing grain (com.)—October 12 

1821 Savory, W $ a Savory, P. H.—Winding machinery for ploughing, quarrying, 
c. —Jnly 19 

2314 Samuelson, B.—Harvesting machines—October 17 

2860 Bousfield, G. T.—Manufacture of shoes for horses (com.) — September 20 

1899 Cressey, T. S.—Manutacture of casks- July 80 

1988 Hngbes, E. T.—Improved wheel-barrow— Angust 7 

1937 Richmore, F. and Chandler, H.—Improved sack holder—Auguat 5 

2025 Bylvester, NONE machines— August 14 

1897 Bradford, T.— Washing machine - Juiy $0 

1914 Muggridge, E. J.—W ashing machlne — August 1 


1779 Johnson, J. H.—Apparatas for cleaning rice (com.)—July 15 


1912 Shaw, H.—Improvements in wet gas meters— August 1 

1789 Parkinson, W. C.—Frictionleas bearing for gas meters—July 9 

1834 Henry, M.—Obtaining Increased effect from lighta—July 20 

2618 Evans, F. J.—Carburetting gases for the purpose of illumination (com.)—Oct. 39 


2685 Frost H.— Apparatus for measuring liquids—October 22 

1795 Butterworth, J. H. —Hot water apparatus (com.'—July 17 

1939 Meyer, H. C.—Slide valves to regulate or stop the flow of water, steam, or other 
fluid —August 5 


2662 Heaton, J. C., Dean, J. — Improvements in tapa or cocka—October 24 
1863 Longmaid, V» .— Manufacture of iron—July 24 . 


2664 Chesterman, J.—Hardening and tempe: steel—October 24 
1817 Muahet, R.—Manufacture of cast steel—July 19 
1774 Taylor, B. and Price, T. —Mannfactnre of tiu and terne plates—Jnly 15 


* Arrangements are in progreas by which increased facilities, in connection with the 
mauagement of this Journal, will be afforded to Inveutors for aecuring valid Patents. 
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1869 Haeffely, E.—Extracting copper from ite ores—July 25 
1988 Hemingway, J.—Machinery for working coal, ironstone, or other minerals— 


August 


1889 Wood, W.—Manufacture of beams and girders—July 22 
1865 Brown, B.—Spinning machines July 25 

1869 Threlgall, R.—Spinning machines— July 24 

1882 Platt, J.—8 machinery —July 20 

1981 Henderson, J,—Weaving machines—August 8 


1720 Schatt, H.—Spinning frames ‘com.)—July 6 
1766 Tolbsusen, F.—Improvement in ribbon looms (com.)—July 18 
9528 Bennett, T. P.- Self-acting mules—October 10 


2756 Wright, J.—Utilising the droppings of cardi: 
1844 Gray, da repa old material fo "i 
ace, T. 


1796 Patent: J. H.—Improved mode of desiccating wet or moist substances (com.) 
17 


uly 
1893 Scott, W. L.—Manufacture of red, purple, and other dyes ~ J: ay 29 
3016 Hartog, C. 8. H.—Improvement in preparing fibrous materials for dyeing—Dec. 4 


1755 Ashwell, ME ti ay cleaning apparatus—July 11 
1783 Fernier, E. —Fibre from broom for the manufacture of paper and recovery of 
dyeing producte—J uly 16 


1732 Cobley, T, — Manufacture of silicates of lead and baryta - July 8 
1784 Cobley, T.—Recovery of bases from slag, scoria, &c.—July 9 
1772 Cobley, T.—Mannfacture of alkaline silicates, acetates and caustic alkalies— 


July 15 

1778 Cobley, T.—Preserving and rendering uninflammable wood, timber, and other 
vegetable matter—July 15 . 

1773 Coombe, J. C, —Manufncture of glass, porcelain, and plastic ware—July 15 

1776 ve: Ce rer aia of tin, zinc, and baryta, aud enamelling colouring 
glass, &c.—July 15 

1819 Laing, R., Cossins, G. H.—Improvement in manufacture of sulphuric acid— 

19 


y 

1836 Kottula, C. N.—Improved manufacture of soap— July 22 

2831 Wilson, G. F., and Payu, G.—Improvement in treating facty and oily matters— 
November 11 

1956 Clark, W.— Bleaching saccharine matter (com.)— August 6 

1892 Guffroy, C. C. J. — Manufacture of cod liver and other fish oils—July 29 

1991 Falgas, A. F. B.—Improvemont in trusses and — August 9 

1885 Robertson, J.—Steam and hot air for the treatment of bodily pain—July 27 

2385 Coombe, J. C., Wright, J.—Induration of buliding inaterials September 19 

1962 Lesueur, N. A. — À new system of covering for houses and other buildings and 
coverin August 7 

1978 Hogg, W. S.—Conatrnction of doors, gates, aud shutters, principally applicable 
for fire-proof buildings—August 8 

192] Dronot, J. E.—Improved method of kneading bread—August 2 

1858 Wood, A.—Brewing and storing beer—July 24 

1788- McNeill, T. T. —Barometera— July 8 

1941 Johnson, E. D.—Conatruction of centre seconds watches—August 5 

2078 Sutton, T.—Photographic cameras—August 20 


1807 Johnson, B.—Pianofortes —July 18 
1751 Cotter, J. R. — Pianofortes—July 11 


` 1815 Walker, B. —Packing and stopping bottles. -July 19 


1128 Ridsdale, J.—Inkstand and stoppers of bottles—July 6 
1128 Tutill, G. — Banners and flags— July 6 

1740 Keats, J. and G.—Sewing machinery—July 9 

1784 Clark, W.—S soenery, &c. (com.)—July 15 , 

1986 Lewis, J. — ucing rintiug, and transferring surfaces on lithographs — August $ 
2768 pore, A s Sena oyen r4 ipia x i 

1927 Jones, G. F.- vention of injury to pipes by frost — August 

1866 Klotz, M.—Ornamenting tisane paper and like material—July 25 

1875 Thurel, F. N.—Fastenings for shoes, stays, and gloves—July 26 

1926 Cross, J.— Fastenings for wearing apparel—Angust 8 

2180 Fox, W.—Parasols and umbrellas (com.)—August 81 

1906 Flanders, J. T.—Splitting skins and other materials—Jnly 81 

2724 Winfield, R. W.—Ornamentation of metallic bedsteads and furniture - October 30 
1877 Wigall, W.—Manufacture of brushes and brooms—July 26 

1902 Hart, J. M.—Locks and fasteninga — July 80 

1881 Herbert, J. B.— Improvement in fire-guards—Jnly 27 

1789 Jones, R.—Safety lampa - July 16 


1798 Palmer, W.—Improvement in lam uly 16 
1816 Gallasent, D.— rating machines—J wy 19 
1820 Newbury, B. C.— ufacture of enamelled cards—July 19 


2840 Newton, W, E.—Self-feediag ink-stands—November 11 

1826 Newton, W, E.—Cop: letters or writings (com.) — October 19 

2379 Wiley, W. E.—Pens and penholders—September 24 

2941 Sansum, S.— Penholders—November 28 

1843 Griffin, G. F.—Apparatus for ventilation and extinguishing fires—July 22 

1929 Viacount de Ponton d' Amócourt, G. L. M.— Apparatus connected with aërostatisn 


~ August 3 
1880 Garrood, R. E.—Mitro boxes and shooting boards—July 27 
1913 Pratt, M,—Manufacture of candle moulds—August 1 
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SAINT MARY'S COLLEGE, HARLOW, ESSEX 
(With an Engraving.) 

Tue building illustrated in the accompanying plate has been 
erected for the accommodation of a private educational establish- 
ment, founded some years since by the present president, the Rev. 
J.C. Goulden, and which, from very bumble beginnings, has so 
increased as to warrant the commencenient of what willeventually 
become an important collegiate building. “ue objects of the 
school are to prepare the sons of gentlem for the universities, 
army and navy, and civil service, and: . supply to this class of 
students the want acknowledged to e <, of a higher standard of 
education, and more in aecordap- with the principles of the 
English church than has been v «fly adopted in schools. 

The part already erected j> .e principal portion of the north, 
and the whole of the eg* .ing; the west wing, cloisters and 
chapel being left unti are opportunity. The editice is built 
of common yellow ^ „s, with deep red bands in horizontal 
courses, intersperr with various forms of stone heads and 
parti-coloured briex arches. The roofs are covered with blue 
Countess slate, with red tile ridge and crest. All the gables and 
the numerous dormers have iron terminals. The window open- 
ings are filled with ordinary sashes, except those of the school and 
hall, which have wooden mullions and casements, The entrance 
tothe buildings is through a double door under a deeply-recessed 
arch, the tympanum of which will be filled with sculpture. All 
the internal fittings are of deal, stained and varnished, and the 
whole of the ceilings are pannelled with chamfered wood fillets. 
The dormitories are 40 ft. by 20 ft., subdivided into cubicala 5 ft. 
by 8 ft., thus giving each boy a separate sleeping room. 

The cost of the portion already erected has been under £4000. 
The architect is Mr. Withers, of Doughty-street, London; and 
the builder Mr. John Perry, of Stratford. 


———— —cn—————— 


THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PARIS OPERA HOUSE.* 


Staircases. 

13. One or two public rooms are required out of the immediate 
course of the crowd, adjoining the staircases, and communicating 
readily with the principal exits from the house, in which visitors 
can wait for their carriages, safe from pernicious drafts and from 
injary to theirdress. These waiting rooms must serve, during the 
cold winter evenings, to shelter ladies thinly dressed, aud leaving 
a very warm room ; consequently their doors must not open direct 
to the street, it will be better for them to open into warm sheltered 
corridors, where footmen can be in attendance. 

These corridors must, as far as practicable, run parallel to the 
rank of carriages, so that it will be possible for persons to leave 
through several exits at once. This is necessary for reasons similar 
to those which have caused the waiting rooms of a well-arranged 
(French) railway terminus to be placed parallel to the rails. 

14. These waiting rooms, which will beoccupied for only a very 
short time by some three or four hundred persons at the moment 
of leaving the house, do not require, we consider, to be lofty; we 
would take the vestibule of the Theátre Frangais as an example. 
This being 80, the vacant space under the amphitheatre and tlie 
first tier of boxes might be made use of for this purpose. 


Public Saloon. 

15. The pablic does not crowd into the saloon as into a waiting 
room, but promenades there. The saloons ought, therefore, to 
include—/1) One or two galleries, as extensive as possible in their 
length ; (2) an open gallery or bux ; (3) and, near the extremities 
of the principal gallery, small rooms communicating with it by 
folding doors, where frequenters of the place, who do not care 
to promenade, can chat quietly. 

16. Contiguous to the saloon ought also to be found—(4) the 
refreshment room, and a suitable room for the preparation of 
refreshments, and to which they can be brought without ing 
any of the saloon or the house ; (5) also, a suitable place for 
the stand of the dealer in bouquets, and for a book-stall. 

.M. An arrangement which would provide, level with the third 
tier of boxes, a gallery or balcony for the use of the spectators in 
the upper part of the house, could not fail to be approved. 

18. 'The corridors, the height of which is fixed by that of the 
boxes, and which ought to be far wider than those of the present 


* Continued from page $3. 
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house,—these box-corridors, we repeat, will inevitably be too low. 
It is, therefore, to be wished that the expedient be adopted of 
causing them to open at the side, away from the boxes, upon wide 
and handsome galleries embracing two stories. The floor of the 
corridors should not be boarded ( parqueté), on account of the 
noisinesa of wooden floors: it ought to be covered with mosaics, 
ornamental enough to take the place of the dusty carpets which, 
in suck a situation, it is extremely difficult to preserve clean and 
soun 

i 19. Near the house ought also to be found the following depen- 

encies :— 

(1) On each tier in the box-corridors, a variety of closets, where 
the attendants can hang up the delicate articles of dress intrusted 
to them, safe from injury. 

(2) Near the approaches to the stalls and the pit, cloak rooma, 
tolerably spacious, and above all easily reached. More than a 
hundred persons at each side of the stalls are in the habit 
of leaving articles of dress in these rooms, and crowd all of them 
together to get them away at the moment of qi à 

(3) If possible there ought to be w.c.’s on each story, and 
arranged in the most advantageous way possible to secure venti- 
lation and cleanliness. They ought to be so placed that females 
may be able to have access to them without hesitation, and may 
find along with them a dressing-room, in which they can examine 
and rearrange their toilette, It is, therefore, requisite that these 
indispensable conveniences should be approached throngh ante- 
rooms sufficient to insure that their use shall not be prohibited 
by their giving too transparent an indication of what they really 
are, and at the same time they must not be too remote from the 
box-corridors. 

(4) The medical arrangements must, if possible, be provided 
for on the first floor, and not too far from the boxes. sides à 
room for the medical man in attendance, and separate w.c,’s, two 
rooms of moderate size must be provided, in which would be 
collected every thing necessary for the relief of persons who may 
be taken suddenly ill. One of these rooms is intended for men, 
the other for women. These apartments need only be large 
enough to hold one or two other persons besides the invalid 
and the physician ; but must be reached through an ante-room 
which isolates them. The physician's room, even, is not absolutely 
indispensable ; this useful functionary has a stall appropriated to 
him, and could keep all the appliances which he requires to 
make use of in one of the rooms for invalida. 

(5) On the ground floor, or mezzanine, will be situated the 
oflice of the commissary of police, not itself intended for more 
than five or six persons, but communicating easily with tbe 
police stations and the constables outside. 

(6) The accountant’s offices may be more out of the way. They 
will comprise—{A) the inspector's room, lighted by day-light ; 
(B) the cashier’s office, in which ten or twelve persons will be 
employed daily, verifying tickets and receipts; (C) office for wo 
or three inspectors of the house, closets for tickets, for the ward- 
robe of the managers, &c. : 

20. The house upholsterer (tapissier de la salle) ought to have a 
store placed on the most central tier, and of sufficient dimensions 
to accommodate the entire furniture of the house—namely, a 
thousand chairs, the portable seats of the pit and stalls; or, what 
would perhaps be better, one depot on each tier and a central store 
in the roof; where also the store of the gas-fitter (/ustrier) muat 
be placed, with a workshop for two or three men. 


The Boxes. 


21. The frequenters of the opera have an invincible repugnance 
to the boxes in the upper tiers. The number of boxes in the first 
tier is not equal to the demand for them, and yet it is often diffi- 
cult to fill those on the second and third tiers, even with gratuitous 
orders, 

22. This arises from two causes—First, the exceasive height of 
the stories, due to the fact that the floor of the house is more than 
four metres above the level of the road, and that sixty steps muat 
be mounted to reach the first tier of boxes (there are seventy-one 
between the level of the road and the floor of the Emperor’s box), 
seventy-six to reach the second tier, and ninety-two to reach the 
third; and then that the taste for luxury that has followed the 
growth of public wealth caused persons to disdain inferior posi- 
tions, making every person wish to be placed in the first rank. 
Further, the difference of price between boxes on the first and 
second circles cennot be large enough to cause even the most 
economical to hesitate. It is but one item of their total expendi- 
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ture, an unimportant one for the majority of the cies isi of 
the opera, and not of consequence for those among the visitors 
who go but rarely to the opera, and who, on that very account, 
only choose to go to the best places. Consequently, at the opera 
there need only to be two classes of seats—the highest and the 
lowest; and as the larger part of the receipts flow from the 
first-class seats, it is essential to provide as many of them as pos- 
sible. To secure this result, the second tier of boxes must be 
so arranged that it shall be possible to rate them at the same 
prices as the first. This aim can be attained by a disposition of 
which the theatre at Bordeaux affords an example. 

The grand staircase communicates with two tiers of boxes: the 
first tier, not much raised above the house corresponds to the first 
landing at the half flight; the second tier, which can be reached 
by ascending another half flight, is on a level with the saloon, and 
on the principal floor of the Building. 

In this way, advan are so evenly balanced that it is 
almost a matter of indifference whether to go to the first or the 
second tier, and thus two tiers of select boxes are obtained. A 
third tier can be obtained, as has been done in the theatre at St. 
Petersburgh by forming a tier of uncovered boxes in front of the 
first tier of closed boxes on a substructure rising from the floor, 
and not on corbels. : 

These uncovered boxes would naturally be without ante-rooms, 
but on the other hand they would have the advantage of showing 
the toilettesof the ladies in full brilliancy,and of being divisible into 
compartments of four places each, which would certainly cause 
them to be very much sought after. The tier of uncovered boxes 
which we are proposing is not incompatible with the amphitheatre 
which supplies a public want, and must be retaiued; it may be 
connected with the latter at the two sides, or be blended with the 
upper ranks of it. 


23. - To secure that the access to the boxes shall be by only a 
smal] number of steps, the orchestra must be on the same level 
asthe lobbies, and the floor of the theatre very slightly raised 
above the ground floor level. The result of this will be that the 
spaces under the theatre must be all formed by excavation; a 
structural difficulty far from insurmountable. It has not, how- 
ever, been proved that the vaults require to be so deep as is 
ordinarily thought necessary. We on the contrary believe that 
with a rational system of machinery the motion of large scenes 
would be ulmost always horizontal, which would diminish consi- 
derably that importance of the spaces below the stage. 

24. The internal arrangement of the house in the Rue Lepelle- 
tier is considered the finest known disposition. We may add 
that it will perfectly admit that arrangement of places which we 
consider, for pecuniary reasons, it is indispensable should be 
adopted. 

25. The number of seats we would limit to 2000; there are now 
1750, and were they better distributed that number would 
suffice. The opera is not aud cannot be appropriated to great 
popoi gatherings. It is the theatre of good society, its public 

as habits of comfort and elegance which must always render it 
difficult to satisfy; and its subscribers, coming for pleasure, ought 
not to find themselves worse off than if they had stopped at home. 
All the seats should therefore be roomy and comfortably appointed. 
At the same time an injuriously liberal distribution of space 
must be guanled against. The boxes must be wide and high. 
The stalls must be wide also, with space for easy moving to aud 
fro between their rows; but at the same time, without being 
crowded, the spectators must be in contact. In a theatre sensa- 
tions run through the audience almost like au electric spark, and 
by isolating the spectators, as for example would be done by 
doubling the present allowance of space to each one, the result 
would simply be to make the performances chilling in their effect. 
Moderation must therefore be observed, and the following dimen- 
sions are the most appropriate iu our opinion. 


Width in metres. Depth in metres. Ft. in. Ft. in. Ft. in. 


Boxes for six persons 1:50 ...... 2:50 — 5 0x8 8 

ioco TORE y 1°50 ...... 170 = 5 0x5 7 
Amphitheatre stalls O-7u ..... . 100 = 2 3x3 3 
Orchestra 7 65 Lu 0:90t0100 = 2 0x3 2hto3 3 
Pit ,„ B 55 oe. 07510080 = 1 9x2 5 to2 7h 


26. These dimensions admit of the boxes being furnished with 
chairs ofthe most comfortable shapes, and allow great comfort in 
the stalls. Each box would also be attended by a little ante-room, 
necessarily narrow, because its width must be regulated by that 
of the box it belongs to, but which must be roomy enough to 
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afford a pleasant place for social intercourse between the acts 
A depth of 3 metres (10 feet) would appear to us ample. 

27. To recapitulate—it appears to us necessary to limit the 
number of seats in the new house to 2000, and to apportion 
them as follows :—On the floor of the house, the lowest part 
being on the eame level with the lobbies—(1) A tier of baignoires 
with ante-roome; (2) The amphitheatre (130 to 150 seats); (3) The 
pit; (4) The orchestra stalls (200 to 250 seats). Raised—(5) Two 
tiers of boxes approached by the principal staircase: the first 
tier including (A) a series of closed boxes with ante-rooms; and 
in front of these last (B) a tier of open boxes with four seats in 
each. (6) Lastly, one or two upper tiers—the highest being 
divided into seata rather than boxes. 

28. The acoustic conditions which the future house must 
fulfil, and the systems of lighting and warming which ought to be 
preferred, are subjecta for special investigation, the examination 
of these questions would not be appropriately included in this 
progenie, We will simply say, that calorifères which circulate 

ot air ought to be proscribed : they are extremely injurious 
to singers, whose breathiug they oppress, and are a most active 
source of currenta of air, for as they do not afford a possibility 
of equalising the temperature of the varions portions of the 
house, they continually occasion rapid movements in the masa 
of air which fills it. For lighting we believe the chandeliers 
aud the rampe * to be indispensable, but the direction of the 
opera is far from thinking that these apparata cannot be 
improved, and at the present time is applying a system of 
rampe, the principle of which, without doubt, 1s capable of being 
worked out, and is calculated to obviate all the disadvantages 
hitherto connected with this mode of illumination. 


Arrangement for the use of the Emperor. 

29. The imperial box will be placed as now at the proscenium 
of the first tier of boxes; the staircase giving access to it must 
be easy and with few steps. Its dependencies will consist in— 
(1) an ante-room or guard room; (2) a room for aides-de-camp; 
(3) a large saloon; (4) the small private room of H. M. the 
Empress; (5) dressing room, wardrobe, closeta, &c. 

30. This suite of rooms must be entirely disconnected from all 
other blagues means of at any time opening a communica- 
tion with the house, and another with a small box overlooking 
the stage (sur le théátre ) must however be provided. 

31. The vestibule giving access to the staircase must be wide 
and easily approached, and ought to open upon a closed 
porch large enough to contain at one time the imperial carriage, 
two carriages of the suite, and the escort. 

32. In an inner court near this porch there should be—(1) a 
standing for three carriages, with their horses pnt to them, and 
a stable for two or three outriders’ horses; (2) a guard-house aud 
stable for the escorting picket (fifteen to twenty horsemen and an 
officer); (3) a guard-house for an infantry picket (twenty-five to 
thirty men and an officer); (4) a station te the “cent guardes” 
(ten horsemen); (5) astable for their horses; (6) a room for livery 
servants (fifteen to twenty persons). 

33. On state occasions the inperial box occupies the centre of 
the first tier of boxes opposite the stage. As no permanent arrange- 
ment and solid box exists nd is the case in the great houses of 
Germany, Russia, aud Italy, an arrangement the nobleness of 
which cannot be denied) tbis box is improvised by means of 
temporary scaffoldings and hangings, which always recal too 
closely the arrangements for public fétes. It is certainly not 
suitable to run up an imperial box in the same way that the 
ordinary decorations of the theatre are done, and above all on 
state occasions, when imperial pomp is displayed in all its 
grandeur, the imperial box ought to present the most elevated 
and magnificent appearance, and every ornament of a trifling. 
nature ought to be excluded. The state box ought to be an 
integral part of the architecture of the house, and ought to be its 
leading feature. i 

34. The chilling effect of this large box, commonly standing 
empty, is however dreaded, and it is caleulated that it would 
seriously injure the receipts, by destroying several of the best 
boxes: these are serious objections. : 

35. The following arrangement appears to reconcile all difficol- 
ties, According to it the state imperia] box would be constructed 
with all suitable magnificence, and of costly materials, bronze, 
and marble, but in detached pieces easily movable, which would 
only be fixed when wanted; nothing is more easy than to accom 
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plish this by suitable adjustments properly incorporated with the 
structure of the house. 

36. The arrangement of this box would doubtless be analagous 
to that of the imperial tribune in the theatres of Versailles and 
Fontainbleau; but as it would be put up on rare occasions—not 
forming part of the ordinary snbecription nights—there is no 
een de it should not be carried out on a most magnificent 

e. 

37. As regards the box, then, what is proposed would cause 
no alteration in the customary practice, which consists iu replacing 
a few of the ordinary arrangements of the house by a temporary 
structure; only this would be done in a monumental fashion, and 
one worthy of its destination, instead uf putting it up by the 
help of unsatisfactory uphosterers' decorations. 

38. We should desire, however, that the imperial saloon—to 
which purpose the public saloon is M pen: converted on these 
occasions—should be distinct. This saloon ought to be oue of the 
most brilliant append of the new house. Placed between 
the boxes and the public saloon, and entirely distinct from 
the waiting rooms attached to the emperor's private box, it 
might on ordinary occasions, be thrown open to some of the 
audience, for example, to the subscribers to the boxes, and 
would thus furnish to ladies sonetus which the public saloon 
does not atford them, a delightful spot for promenading and social 
intercourse. 


a ——— 


THE ECONOMIC ANGLES IN PARALLEL OPENWORK 
GIBDERS. 


Usper the term openwork-girders we include all properly 
braced girders, whether the bracing be of the triangular charac- 
ter made use of in warren and lattice bri or of the diagonal 
description common in structures of older date, and in which the 
frame is subdivided into quadrilateral openings which have their 
diagonals supplied with ties or struts. 

We purpose first to point out what influence (if any) the upper 
and lower members of the structure, sometimes called the booms, 
have upon the question, when the whole material required for 
these, together with that for the braces, is to be rendered a 
minimum. 

In estimating the quantity of material necessary for the diffe- 
rent parta, we require for our present object their proportional 
values only. And where no great precision is demanded we may 
treat of the strength of struts like ties, as independent of their 
lengths within moderate limits. In this preparatory discussion 
we sball not draw any distinction between the amounts of 
material required for struts and ties subjected to equal stresses, 
but represent the quantity or cost or ig a of any strut or tie as 
proportional to its length multiplied by the stress acting through 
it: the most convenient units of length, and of strees or weight, 
being chosen. 

In Figs. 1 to 12, let the depth D be the same in each, and let it 
be taken as the unit for length; let also the span S in each—12 
timea the depth. Further, let the loading be spread uniformly 
over the top at the rate of jw per unit of length; or 6w=W, over 
the whole span of twelve unita in length; w represents the unit of 
weight or stress—loading spread over a length ofthe span measur- 
ing 2D. Let N be taken generally to represent the number of bays 
or parts into which the span is divided by the points at which 
the roadway or top-boom is supported by the bracings; when 


Fio 2. 


there is but one series of braces N will be the number of triangles 
making up the span. Let 6 represent the angle which a brace 
makes with the vertical, and a the angle wbich it makes with the 
horizontal direction. In Figs. 1 and 2, in which N is respectively 
equal to 6 and 2, let us first adopt the very usual supposition that 
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each of the apices of the triangles receives the same share of the 
loading—6w--N. By the principles on which the stresses on 
such structares are calculated, we can readily affix to each brace, 
as is done in these figures, a number to denote in units the ver- 
tical component of the stress acting upon it, when all the loading 
is on the structure (the stresses on the booms being then the 
pentan). Knowing the vertical component of the stress on a 

race we obtain the horizontal stress which it induces in the 
booms, by multiplying the former by the tangent of 6. And 
since the depth e structure is taken equal to unity, the tan- 
gent of 6 is simply the horizontal stretch of the brace, Proceed- 
ing on these principles we obtain the stresses on the booms marked 
against the various parts in the figures;* and to obtain the pro- 
portional quantities of the bien for the booms we have merely 
to multiply these streases by the respective lengths thus: 


Fig.l.( Top  —(5x9--8X24-9x1)9--70].. 
N=6 Í Bottom=(3X 24-7 x2--9 Anc | =146 
Fig.2. ( Top boom —(9x3)2 = 64) _ 
N=3 des do.=(9x 6)2 =108 } =162 


Now we have here an increase in the material required for the 
booms occas pany mg the diminution in the value of N, and this 
deduction is borne out by other similarly treated examples, and 
might very readily mislead us, as it has already misled ,one 
writer, into thinking that there is an advantage to be gained by 
an increase in the number of the triangles above what would be 
the most economical were the material of the braces alone to be 
reduced to a minimum, £e, that 6 should be diminished or a 
increased above 45°, the well-known economic angle for the 


Fio. 3. 


Fra. 4. 
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braces when these are arranged in isosceles triangles. This 
erroneous view springs from tbe figures 1 and 2 not truly repre- 
senting the conditions under which a uniform loading would be 
borne, The assumption that every one of the apices of the tri- 
angles receives an amount equal to W —N is incorrect. A little 
consideration of the mode in which the loading is brought upon 
the points will convince us that the points immediately adjoining 
the piers receive each only three quarters of the amount of the 
loading given up to each of the others, the other quartere being 
supported in a direct manner by the piers. The true conditions 
are therefore those shown by Figs. 3 and 4; and calculating the 
proportional quantities for the booms, as before, we have for 
Fig.3.(Top  —(44x24-73Xx2--81xX1)9—675|. 5. 
N=6 water EM REO x orso} Iro 
Fig. 4. f Top boom  (62X3)2 =40°5) 2. 
N=2 ( Bottom 0-0 x6) m =S 

Here then we are led toan opposite deduction, and all similarly 
and correctly treated examples confirm it, viz., that a diminution 
in the material required for the booms to resist the longitudinal 
stresses accompanies a diminution in N; and consequently, if the 
consideration of the booms be admitted into the question, and the 
value of N be optional, the economic value of @ will be greater, 
or that of a less than 45°. 

When, as in the succeeding figures, the structure is suspended 
at the extremities of the upper member, and the loading spread 
uniformly over the top, then every apex will be loadeu exactly 
to the extent of W-N; so that with this arrangement of the 
structure, the error we have discussed above could never have 
been fallen into. The results for the figures 5 to 8 are as follow: 


Fig. 5. { Top =(2}x2+6}X2484x2)2=70) 140 
=6 Bottom=(5x 2-++8X2+9x1)2 -—70j - 

Fig. 6. {To =(39 X3+7§X3)2 =67'5) _ 

N=4 { Bottom el x349X139 =675 ) ee 


* These numbers have been omitted in some of the figures, bat are all given in the 
detailed calculations of the booms, 


Fig. 7. 
NÉ f Top =(4x4+8x2)2 =64 } _ 19s 
6=63° 26 ( Bottom=(8x 4)2 =64 
Fes (Top ixe -5 ios 
=2  |Bottom—(9X3) =54 


So that we have here the same result as when the former figures 
3and 4 were correctly dealt with—a diminution of the material 
in the booms accompanying a diminished value of N. It would, 
however, be proceeding Vo bail to conclude that the degree of 
Blope of the braces directly affected the amount of material 


Fio, 5. 


Fio. 6. 


Fig. 7. 


` Fio. 8. 


required for the booms. The fact is, we have not yet carried the 
analysis far enough: in the conversion of Fig. 5 into Fig. 7 two 
changes have been made: we have changed the value of the angle 
d, but we have also changed the arrangement of the concentrated 
points of the loading, as well as the portion of the loading 
(=W-N) which is in a direct manner imposed upon the piers. 
It remains then to discover what effect these on will produce 
on the requisite material for the booms when each is constrained 
to act independently of the other. . 

First then let us make such a change on the loading of Fig. 5 
asis exhibited in Fig 7, but without being complicated with a 


Fre, 9. 


change in the angle 6; this we are enabled to do by adopting 
the arrangement shown in Fig. 9, for the booms of which we 


have: 
Fig. 9. ( Top = (ex2--6X2-F8x 22 —64 
N=6 | “°P = =04 V 198 
6—45? | Bottom= (4x 248 x3)2 =64 


Which when compared with the calculations for Figs. 5 and 7 
shows that the simple change of the arrangement of the loading 


Fia, 11. Bc | | - 


Fie. 12. 


is sufficient to account for all the difference in the results. But 
to make it still more clear that it is. the change in the loading 
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nlone that causes the difference in the results, we add Figs. 10, 
11, and 12, in which the arrangement of the loading is retained 
exactly as in Fig. 5, but the angle ô is very materially altered. 
The results for these are : 


Fi? (Top =(2X24+6x2+8X3)2= 64) |, 
6—e63* 26 | Bottom (3X 94-7X2--9X2)2 = 76 
p ura m = (5X24+8x24+9%2)2= 88 | 149 
6=63° 26’ & 0 | Bottom= (5X92--8x 2)2 = 52 
Fig.12 f 
=6 Top =(9X6)2 =108 
6—=63° 26, =140 
75° 68", | Bottom=(2x2+6X2)2 = 32 
& 80° 32 


All of which resulta agree with that for Fig. 5, so that we must 
come to the conclusion that the value of 6 has no direct 
influence on the quantity of material required for the booms. 

The saving in the booms from a reduction in the value of N 
must be chiefly caused by a larger portion of the load being 
deposited at once upon the pus And this reduction of the 
load actually imposed upon the framing of the structure must 
also, ceteris paribus, have an influence in reducing the material 
required for the braces. So that the economic angle for the 
braces considered alone would, if we might choose any value for 
N, come out somewhat greater than 45°. In structures such as 
Figs. 1—4 the loading actually thrown upon the bracing is 
—W-—(W —2N), and in those like Figs. 6—12, it is only=W— 
(W-—N) In lattice bridges with many series, N (—the number 
of bays into which S is divided by the points of concentration of 
the segun de very high, and then nearly the whole of W is sup- 
ported by the framing. 

When there is but one series of braces under the conditions of 
Figs. 5—8, theu D the depth being taken as the unit of length, and 
therefore S—D=S; and the unit of load or strese being taken 
equal to the loading lying on alength of the span=2D, W —(S—-2) 
unitsof weight. For such figures, when N is an even whole number, 
we have no difficulty in arriving at the following general 
formule for the proportional quantities of material required for 
the booms and braces, these quantities being represented all along 
by the stress multiplied by tbe length of —— Let the pro- 
pun quantity for the booms be represen by B, that for the 

racing by R, and that for the whole girder by G—B-F-R. 


ws? S$ g 


S1 
N oddor oven {p= WS — WS 8. 
or even [s DN 1a N cc O 


6D 


R= Y ND sect, but sedó— -S + 1 
cg c Me M NE 


. -WS ,WN.. S ,NS 
N even = ay + 3 “inta (2) 
83 1 3N 


Differentiating the value of G with N as the variable, we have, 
after clearing de coefficient, the following equation for G a 
minimum 


iS = JS:,N-N: -. 


Now to satisfy the premises, N must be an even whole number, 
let us therefore assign to it successively the values 4, 6, 8, 10, &c, 
the resulting values of S will show the proportions of span to 
depth which require exactly these values of N to produce the 
minima. The results, with the corresponding values of 6, are 
given in Table I. 


Tase I. 
N- 4 6 8 10 12 14 16 100 
S= 19:86 | 16:10 | 19-60 | 28°85 | 27-21 | 81°12/35-05 | 2027 


" 


60°0" | 53°18’| 50?46^| 49°25"| 48°85"! 48"1' | 47°87") 45°28 


We may now take a particular value of S, say = 16:10 times 
the depth, and calculate the values of G by formula 3 to show 
what amount of extra material is incurred by departing from the 
most economical value of N (here —6); and it will be o 
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from the results as given in Table IL that the variations in the 
values of G are surprisingly small, and would be still less so were 
R of its full value, as expliued further on. 

TABLE II. 


4 Lr 
821610, B=347-77— t. and 


260:83 
R= —N 4-4:025N. 


N = 21 4 6 8 10 12 16 

B = | 260:83 | 3826:04 | 338:11 | 342:84 |844:30 | 345-36 | 346-41 
R = } 188°46 | 81°31 | 67°62 | 64°80 | 66°33 | 70:04 | 80:70 
G = | 899-29 | 407-35 | 405-73 | 407°14 | 41068 | 415-40 [427-11 
= 68°35’ | 53° 18' | 45° 10' | 38° 50’ | 33° 51' | 26° 35’ 


T6* 3' 


The case of N=2 is exceptional, it does not satisfy, after the 
same manner as do the other values, the equation (4) by which 
Table I. ia calculated, and in Table IL it produces a secondary 
minimum, the proper minimum being at N—6. 

Itshould be borne in mind that the variations in the values of 
B are produced solely by the variation of N, the number of points 
at which the loading is caused to concentrate or is supported, 
and that the value of 6 has no direct influence on the value of B. 
Now if N be previously determined upon to suit the requirementa 
of the roadway, suppose it to be = 16, then the corresponding 
value of B, —346:41, is fixed, and unaltered bv any value that may 
be assigned to 0; and therefore in such a case the economic value 
of 6 for the whole girder will be that which under the particular 
conditions gives the minimum for the bracing taken alone. When 
the bracing is of the isosceles character the minimum of the 
bracing will accompany the nearest practicable approach to the 
ease of 6==45°, So that for N—16 and S—1610, Table II, 
instead of using 0—26?35', with R=80:7, when one series of braces 
only is admitted, we may adopt a form in which there would be 
two series having a prevailing angle 0—495?1', except at the ends, 
where it may be necessary to combine the two series into one to 
satisfv the conditions. 

In the above calculations R as compared with B is undervalued, 
in the first place, because the material of the bracing as there 
estimated is such as would be required for a uniformly distributed 
constant loading. But when the loading is wholly or partially a 
moveable one the amount of material for the braces becomes 
Increased, without however affecting the value of B in the least. 
Again, the allowance of material in proportion to stress would in 
practice be greater for the braces than for the booms. But this 
part of the question is not of that importance that we need dwell 
at ter length upon it here. 

e conclusions that we have arrived at are: 

1. When the loading and the bearings on the piers are on one 
level (or, in other words, when thereis a full-lengthed bay adjoining 
each pier), and only one isosceles system of braces as in Figs. 5 to 
8, and when the number of points in the span to be supported by 
the bracing may be of any number,—the lightest structure will 
be poa by a certain low value of N dependent upon the value 
of SZ-D, as shown in Table I. But on the other hand, as shown 
by Table IL,the variation produced in the total weight of the 
girder by varying the value of N is very slight, and therefore 
that value would be chosen which gave a sufficiently liberal num- 
ber of supports to the roadway. 

2. When N is fixed or previously determined upon, but the 
points of support on the piers, the number of series, and the 
arrangement of the braces are jall left optional (as in Figs. 5, 10, 
ll, and 12) the greatest economy will be secured by causing 6 
to approximate to a certain economic value to be determined for 


the particular kind of bracing and materials to beemployed. The 
minimum for the bracing taken alone having in this case to be 
considered. 


In our next we shail discuss the economic values of 8 for 
various forms of bracing, and draw comparisons to show their 
relative costa. 

Edinburgh. R. H. B. 
————áüpb————— 


VENTILATION OF DWELLINGS AND HOSPITALS. 
(Continued from page 85.) 

, Ox leaving the comparatively simple question of the ventila- 

tion of ordinary dwelling rooms for that of hospitals, we at once 

encounter a vast complication of conflicting opinions and practice, 

and a really perplexing amount of contradiction in the views of 

those who are considered authorities, The causes of this compli- 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


69 


‘cation are twofold. Firat, the problem itself is a less simple one 


than thet of how to ventilate an ordinary dwelling room, 
because in hospitala other causes of vitiation are at work besides 
respiration; and the air which is rendered insalubrious by these 

cies is less elevated in temperature, and consequently less 
readily discharged than that vitiated by respiration. Secondly, 
the very fact of having a large building in which vacant 
spaces can be found, in which a system of pipes and flues 
can be constructed, and in which attendance, fuel, and even 
8team-power cap be procured if wanted, tempta those having the 
care of arranging tbe ventilation to venture upon some elaborate 
“ system,” for carrying out which the building will offer facilities 
impossible in a private house. Accordingly in hospitals, and 
we may add in other great institutions, above all in prisons, we 
find what is called “artificial” ventilation adopted in a majority 
of cases, and frequently we see an amount of scientific skill brought 
to bear upon it which merits the highest tribute. 

An artificial method or system of ventilation may be defined as 
a method or system where the motive power for removing the 
vitiated air and introducing fresh is something other than the 
natural rise of temperature due to the warming of the air of 
respiration while in the lungs. Writers on ventilation have 
sometimes recognised two classes of artificial systems, calling those 
systems where artificial power is employed to force air into a 
room furnished with suitable outleta, so that it may through 
the room and out again, systems of plenum ventilation; while 
those systems where the power is employed to draw vitiated air 
out of a room, without applying power to the inlet, are termed 
vacuum systema. This distinction of systems, designated how- 
ever by the more scientific appellations of ventilation by pro- 
pulsion, and ventilation by extraction, is found recogni in 
extract from Report of the Barracks and Hospital Commission 
which we have already given.* 

The artificial ventilatiou of pope has been already treated 
of in our columns, and almost that can be said in ita favour 
will be found in the two articles on the subject which we priuted 
in 1858+ Arguments for at least a partial use of artificial 
means will be there found of a cogency almost unanswerable, 
and the experience of certain foreign hospitals has been again 
and again appealed to by the supporters of this plan, yet we find 
the barrack and hospital commission deciding against its adop- 
tion; and it will not be difficult to show that in coming to that 
decision their views coincide with the published opinions of many 
of those who in this country are now considered competent 
authorities on the subject of hospital ventilation and construction. 

The desirability of perfect ventilation in hospital wards would 
be partially recognised without our insisting on it at great length 
—but few who have not paid special attention to the subject are 
quite aware of its paramount importance. In one ward of an 
hospital the sick will linger, wounds will refuse to heal, gangrene 
will be frequent, and fever will from time to time occur, while in 
another ward of the same building, under the same regimen, 
nursing, and medical attendance, the sick will habitually recover, 
and hospital gangrene and fever will be unknown. This is a 
matter familiar to physicians, and the explanation is always to 
be found in the construction of the ward itself with regard to 
ventilation, the thoroughly airy wards being invariably those 
where the process of recovery goes on as the medical attendants 
would desire and expect, the close and badly ventilated ones 
being those where it is checked and prevented by an unseen 
but not imperceptible enemy. 

Upon this point we may refer once more to the Barrack and 
Hospital Report. 

“The atmosphere of a sick ward, besides being deteriorated by the ordi- 
nary process of respiration, is filled with miasma generated by the sick. 
These, if not sufficiently diluted and rapidly carried away, give rise to 
what are called hospital ‘“‘contagions” and ‘‘ infections,” which, ss all 
experience has proved, are far more prejudicial to the sick than is the 
breath of healthy men to the healthy. Sick men in hospital are much 
more e to danger from such causes than are healthy men in bar- 
racks, because not only are sick more susceptible to the influence of such 
miasms, but the emanations themselves have often a special poisonous 
quality, and generate disease even among healthy attendants.” 

We may also quote, from a pamphlet of great value on hospital 
arrangement by Mr. John Roberton, of Manchester, a few words 
very much to the point. 

“So wide is the difference between the wants of a ward filled with the 
sick and wounded with respect to ventilation, and the wants of every 


other kind of apartment injwhich people in health congregate or lodge, 
* Ante vol. X1iv., pages 219 and 220. 1 Ante vol, xxi., pages 333 and 356. 
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that the means which are found sufficient to maintain the purity of the 
one fail in maintaining the purity of the other; and an architect who has 
not submitted to make himself familiar with the state of the atmosphere 
in, for example, the crowded wards of à badly constructed hospital, at 
those hours of the day and night when the admission or the exclusion of 
air is left to the nurse and patients, is ill qualified to form an opinion on 
ward ventilation, Until the architect will consent to give his organ of 
smell à few minutes’ practical training, about six or seven o'clock in the 
morning, in a crowded surgical ward, he can never realise the importance 
of a truth which can hardly be enuncjated with too great emphasis—that 
not merely must a ward, if it is to be kept sweet, be ventilated in the 
ordinary sense of the term, but it must be so ventilated as to secure 
for it the constant renewal of the contained air —the displacement of 
the fotid efuvia ever being emitted from the bodies of the sick and 
wounded, and the substitution instead, of air, not drawn from cellars, 
corridors, and passages, but admitted direct from the store of the unpol- 
luted heavens.” 

Having thus pointed out the peculiar necessity of perfect venti- 
lation for hospitals, we propose to proceed very briefly to describe 
first, the views and plans of those who prefer ventilation on the 
natural method, and lastly to give some account of one or two 
of the most successful systems of artificial ventilation of hospital 
wards. 

(To be continued.) 
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THE STATICS OF BRIDGES. 


The Suspension Chain.* 

Havina ascertained the mechanical conditions of equilibrium 
in a chain, and shown how to determine its curve by construction, 
we may now venture to generalise a little further. This will be 
best accomplished by the aid of algebra; an instrument we have 
hitherto employed as little as possible.—our object having been 
to obtain practical resuits by a plaiu and tangible method, before 
proceeding to more abstract reasoning. 

The simplest case is that in which, the horizontal distribution 
of the load, and the rise or versed sine of the chains being given, 
it is required to determine their curve and find the amount of 
tension. This is generally speaking the problem to be solved in 
any ordinary suspension bridge. The curve of the chains is calcu- 
lated with reference to the load ou the platform, of which the 
distribution is known. The tension is reckoned from the combined 
action of the weight of the chain and the weight of the load. In 
this computation the weight of the chain may commonly be 
averaged as if its horizontal distribution were equal, without 
introducing any large error into the conclusion. The curve of the 
chains thus found will be an approximation sufficiently near the 
truth for all practical purposes, so long as the proportion of the 
weight of the chains to the total load is not large. 

When the towers are equal and the loading is symmetrical, 
the point of greatest moment will of course come at the half span, 
and it is there that the lowest point of the chain will accordingly 
be found. 

When the disposition of the load is no longer symmetrical, the 
ollowing rule gives the position of the point of greatest moment, 
or lowest point of the chain, the towers being equal:—Find the 
centre of gravity. Divide the total amount of load between the 
two towers in the inverse ratio of the diatances of its centre of 
gravity from either. The poiut where the load is thus divided 
is that of greatest moment. 

Where the towers are of unequal heights (A, on the left and h, 
on the right), the point where the load divides, or the lowest 
point of the chain, will be so placed that h, : k, :: moment of 
left section of loal : moment of right section of load. 

If the horizontal rate of loading is uniform, the application of 
the preceding rule is very simple, the distance of the lowest point 
of the chain from the half span being at once reducible to the 
following expression: 

h,+h,—2V h,.h, 
2 (hy — h) 

Or thus :—Take the arithmetical mean of the heights less the 
geometrical mean; divide by the difference of the heights; and 
multiply by the span. The result will be the distance from the 
half span at which the load divides. When the heights of the 
towers are not ouly unequal, but the loading also irregular, the 
manner of distribution of the load hasto be considered before 
the position of the lowest point ofthe chain can be predicted. To 
this end the readiest and surest means will be to plot the Curve 
of Loadiug. in Fig. 35 the horizontal line AB represents the 


XSpan. 


* Continued from page m 
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span, aud the line Am L the Curve of Loading; of which the 
ordinate at any point is equal to the aggregate load measured 
from A,—the last ordinate BL being equal to the total load on 
the platform between the piers. This curve, if divided at the 
proper point by a horizontal line, will give areas equal to the 
respective moments of the loads* depending from the two towers 
respectively. Thus, supposing mM to be the line at which the 
load divides, draw the horizontal line amb cutting the Curve of 


Fie. 35. Fig, 36. 


i Z 
z, itl 


Loading in m. Aa will then be the load on the tower at A, and 
the area Ama will be the corresponding moment. Lb will be the 
load on the tower at B, and the area Limb the corresponding mo- 
ment. But by the rule already given, the respective moments are 
to each other in the ratio of h, : h, Therefore h, : h, : : area 
Ama :area Lmb. The position of m which gives areas satis- 
fying this equation issoon found by trial. The ordinate m M wlll 
then give the true division of the load, or the position of the 
lowest point of the chain. When the towers are equal, 
Area Àma-— Area Lmb, 

Having found the position of M, the curve of the chain can be 
determined by means of the moments, in the way already 
shown (ante page 49.) The Horizontal Tension will be obtained 
by dividing the total moment on either side of M by the height 
of the tower on the same side. The heights of the towers have 
been taken throughout the foregoing investigation as measured 
from the lowest level of the chain. 

The proportion between the ordinates of the Curve of the Chain 
aud those of the Curve of Moments being constant and 
measured by the amount of Horizontal Tension (ante page 46), the 
following equations will hold good. 

Let R be the rise of either segment of the chain taken from 
the lowest point; M the moment of the corresponding load; 3 
the aggregate lond up to a certain point, measured from tbe 
lowest point of the chain; m the moment of the same; T tbe 


horizontal tension. i 
Then Rx T =M, and T= R 


moment of segment of chain 


i nsion = 
or, horizontal te wise OF same 


yXT=m, and y= T (A) 
dy i 
“== oe ios vs B 
dx T (B) 
di 
d'y _ dæ horizontal rate of loading © 
dł T horizontal tension 


Radius of curvature at lowest point of chain (wben there is no 
tension (D) 


rate of loading ™ 


The equations (A), (B), and (C) are identical with those given 
(vol. xxiv., p. 348) in treating of the line of pressure of the arch. 

In considering the curve in which a chain would hang of itself, 
we have to set out without the knowledge of the horizontal rate 
of loading. What we know is merely the sectional weight of the 
chain, or what may be called the tangential rate of loading. 

Now, (tangential rate of loading) x ds = ((horizontal rate of 
loading) X dx, and consequently, from equation (C), 


concentrated load at that point)— 


d'y _ ds ,, tangential rate of loading 
di? dg horizontal tension 


Or if we put w = sectional weight of chain (or tangential rate of 

loading) 

uic gE IE 
* Because m—/i.dz, or Moment=Integral of Load with respect to Horizontal 

Distance. See Vol, xxiv, p. 65 


d dew. dy., 8 
ar ae = A/ (4) x F Aa 


The equation (E) gives the general conditions of catenary curves, 
viz. :—the relations between the form of a curve, the horizontal 
strain, and the sectional weight, whether constant or variable, 

The equations (A), (B), (Cj, and (D) of course hold good for all 
catenary curves. When the sectional weight of the chain is uni- 
form (or w a constant) the curve of equilibrium will be that 
known as the Common Catenary. 

Tn this case, the load / and the arc s being alike measured from 
the lowest point of the curve, 4 = ws ~. (from equation (B), 


3 -(i-y- EN i .. (1) 
SENATE 
= (rr n) (2), 
Let = =e (which of course is a constant); then (2) gives, 
after substitution of 5 for o 


ds _ eż 
dx ZVATCP (3.) 


The definite solution of this differential equation (when the 
origin of « is taken at the lowest point of the curve) will be 


ext (r*a) 


g (4) 
But, from (1), a = Z, (=; pap e) 
A SEC peia) de we (5) 


(y being 0 when 4—0.) 

Let ¢ = the amount of tension at the point (x, y) in the direc- 
tion of the tangent of the curve. Then, by resolving t into the 
horizontal tension T and the load /, we find that 


=T 4P = wete) n.. .. (8) 
whence it is readily deduced that 
u E zu. 
t—ox 5 (pay a) m oe (7.) 


Or, t—wx(y4-) ... pa sis .. (8) 

The simple relations between the Tension, the Arc, and the 
Ordinate, expressed in equations (6) and (8) can be visibly dis- 
played ina diagram. In Fig. 36, AOB is the Common Catenary. 
COM. is the axis of y, and O is at once the lowest point of the 
curve and the origin. 

The horizontal line DR is drawn at the distance CO—a below 
the axis of z, and is termed the Directrix. To find the tension 
(=t) at any point P, let fall PV perpendicular to the Directrix. 
Then, (from Equation (8)) t—wxPV. From the centre C 
describe the circle of the radius CO=a, This might perhaps 
deserve the name of the Directing Circle, on account of proper- 
ties to be now explaiued. 

From P draw the horizontal line PN to meet the axis of y 
in N. From N draw the line NQ touching the circle in Q, and 
join the radius CQ. Then NQC is a right-angled triangle, of 


which we know the hypothenuse NC to be =>, and the side 


CQ to be =a. .. (from Equation (6), the other side NQ = s, 
=Arc OP. . 

It follows from this property of the Directing Circle that the 
line NQ is parallel to the tangent PT. For PT:TV :: Tan- 
gential Tension : Horizontal Tension. :: NC: CQ. And 
since NCQ and PTV are both right-angled triangles, and 
have the sides enclosing the angles at N and P respectively pro- 
portional, these angles must be equal, and consequently NQ and 
PT are parallel to one another. 

For a known amount of Horizontal Tension (in terms of the 
sectional weight of chain) we can therefore very readily find the 
direction of the tangent at any given elevation. From these data 
it is possible to construct the curve without reference to tables 
of logarithms. 


* E being the base of hyperbolic logarithms, 
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THE ELEVATION OF THE EXTERIOR RAIL ON 
RAILROAD CURVES, &c. 
By Ourver Brass, C.E. 
Let w be the weight of the moving body or train, V its velocity 
in feet a second, R the radius of the curve, and g=the force of 
ravity at the surface of the earth; and let f represent the centri- 
ugal force: then by a well-known dynamical expression 
__ wv? 
=R 
If R=one quarter of a mile=1320 feet, V=velocity=386 feeta ` 
second, and g—32] feet, 
w X (38:6)? _ 193 


Then f= 3951320 5600 ^ 
In this example the centrifugal force is about jy part of the 
weight. 
If R=a mile=5280 feet, g as before==32} feet, and V —60 miles 
an hour=-88 feet a second, then 
f= wx 88? 1 
= 82] x 5280— 22 
In this last case the centrifugal force, that urges the moving body 
to leave the curve, is equal 4; part of the weight of the moving 
body. This force is in a great measure counteracted by the 
conical tread of the wheels, each pair of which is firmly fixed to 
an axle AB, Fig. 1. The rails C and D may be level, yet if the 
points of contact be at I and E, coned wheels will run round a 
circle whose centre is at Q. If the points of contact of the rails 
be I and F, then the centre will beat O; but if the wheels assume 
the position that the equal circles G and H come in contact with 
the rails C and D, the axle AB and KL would be parallel, and 
hence do not meet. The conical tread, the lateral play of the 
flanges, about half an inch on each side, and the centrifugal force 
of the weight moved op the curve, enlarge the diameter of the 
exterior wheel B, and diminish that of the interior A; hence 
there is a centripetal force directed towards the centres of the 
cones Q, O, &c., as the rails change their points of contact on the 
coned tires. Letd be the diameter of the wheels at the circles 
G and H, when they stand level, or rather when the line KL 
joining the points of contact is parallel to the axis AB. Let the 
outer diameter be increased by a variable small quantity z,as the 
rail touches nearer the flange; or let the outer ductor become 
d +z, it is evident that the inner diameter will become z — :. 
The value of z, generally varies from 0 to 3 of an inch; so that 
the diameter of the wheels may be made to vary according to the 
circumstances of the motion from about 36 to 36°6 inches, some- 
times more and sometimes less. Let r be the variable radius 
OT, answering to the increase z, and b= the gauge or breadth of 
the road CD; then r+ $5 and r — $b are the distances of the 
circles of contact from the centre O. By similar triangles 


v nearly. 


b b 
d+z :d-s:: sites 
+z z Tt3 feu 

mE Li 
T 2z 


If the breadth of the road —4'7 feet, the diameter of the wheel 
Adimi 2rib 
=3 feet, and z=one-tenth of an inch, 


x . 
OT arm ETETXSXU.. 10152 inches = 846 feet 

Again, for the sake of example, let z equal J, of an inch, the 
breadth of the road —7 feet= 84 inches, the diameter of the wheel 
at the level tread —30 inches. Required OT=r. 


= aS = 50400 inches = 4200 feet. 
: : Va 
But the centripetal force corresponding to radius r js p =F 


which acts in a contrary direction to the centrifugal force: they 
will hold each other in Squadra when they become equal, and” 
n 


the train will have no inducement to fly off the track; 
wV? wv? 
— = -> orr=R 
gr gR A 


en the vertex O of the imaginary cone must coincide 
t 


with the centre of the curve of the railroad, to avoid slipping or 
dragging. But it was before shown that 
Qo . gu). Od ; 
-— Qe oe = Qs ^. = $R 


72 


which is the increment and decrement that the exterior and 
interior wheels respectively receive to produce equilibrium 
between the centripetal and centrifugal forces of the train. 

Let the gauge of the road = b = 64 inches, the diameter of the 
wheels at the pointe where they rest level on the rails—36 inches; 
R, the radius = 600 feet, 2 R x 12 = 14,400 inches; hence in this 
case 

_ 04x36 
77 14400 
The coning of the wheels will not compensate for much more than 


== *16 of an inch. 


Fio. 
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* oR V being the velocity. ^. a= 7B 


Erample.—Let R=1910 feet, g=32'2, b=47 feet, V=44 feet 
a second==30 miles an hour; 
STIX 
* f-—'329 x 1910 
This value of z involves the elevation given by coning the 
wheels; the proper coning for a radius of 1910 feet R, as before 
established, 1s 


1. 


= 224. 


this, as there is only a play of about half an inch on each side 
between the flanges and the rails. 


Let Fig. 2 represent part of the tire of a railway car wheel; 

the rise from A to C half an inch in 3} inches, that is, 
AB: BC ::7:1. 

But in order that the statement may be general and applicable 
to all cases let AB: BC ::mn: 1. 

When the wheels stand level on level rails, let E be one of the 
pone of contact, DB the space given for the play of the wheel 

tween the flange and the rail; this for the sake of example I 
put- $$ aninch =v. Therail and wheel may touch at any other 
point between C and A, yet the space DB is unaltered, and 
the elevation will be as n to 1. The diameter through E is put 
equal d. 
t€ , 2% 
— a= =i; 
n n 
iving to v what I have just supposed to be its greatest value, 
alf an inch, e = 4, and 

ndb 


T 
4w ^ Qe 
It is clear that, as v increases, r decreases. Let d = 3 feet, 
b=4°7 feet, s=} of an inch=}; part of a foot; 


n:1::9: 


n r=3x47X “z 592:2 feet 


the least possible radius of curvature on the suppositions made, 
in which the two forces balance each other, supposing the two 
rails to be exactly level. I will assume another case. 


Let v = } of an inch, and i-5 


2v 1 ; 
== = q4 of an inch 
bd „l4 l 


Again, let v=—ġ of an inch, Sy 


^ 22 = sh, of a foot 
"n r=3X47 X1$5 = 23688 feet. 

Hence it may be inferred that the coning of the wheels, with- 
out a rise in the outer rail, cannot be depended upon in curves of 
less than 2000 feet radius. 

What I have said on this subject up to this is mere prelimi- 
nary matter. I will now find the elevation of the exterior rail 
for any radius R of a railroad curve. Let z—the required eleva- 


tion; b, as before, the gauge of the road S" will be the force 


e 
drawing tho train to the interior rail on account of the eleva- 
tion z. This force must hold the centrifugal force in equilibrium, 
hence 


'— gg —axixin 4 
on the supposition that 5—30, and d—4 ft. 8$ in. 

"224 

044 


*180 inches rise of outer rail. 

When the coning of the wheels is so defective that the proper 
circles on the wheels cannot be employed, then the outer rail is 
pressed and broken by the flanges. It is in this particular that 
engineers have erred. Wheel-makers have no system of coning, 
80 that the wheels they make may run on a curve with a given 
velocity without injuring the Range and outer r&il. In my Pocket- 

Fie. 2. Book for Railroad and Civil Engi- 
neers, for the first time I laid down 
the means of effecting this object ; it 

r is simple, when the rise (r) of the 
E I~., otter rail is formed for any radius 
d (D and velocity ; if the coning 
z) cannot be established more or 
less withont constraint, the wheels 
will not run on the curve with free- 
dom. In fact, at all the speeds on 
every curve, the apices O, Q, &c. 
(Fig. 1) must coincide with the cen- 
tre of the railroad curve, or damage 
wil be done to the running . 
Want of skill in this particular is, in America, made u ra 
range given to the kingbolt, a lateral-motion beam, and other 
contrivances. 

Example.—Let the diameter of the wheels = d = 33$ inches, 
at the points where they touch on the level rails; say the coning 
allows the diameter of the outer wheel to be increased, while the 
diameter of the inner wheels are diminished :13 inch; what is 
the least radius with this play, that these wheels will accommo- 
date themselves to? and what is the elevation of the onter rail for 
a velocity of 50 miles an hour on a track of 819 feet radius, the 
gauge = 4 feet 8b inches? 

p= 385x565 _ öd 

T 2X13 ^£ 

the least radius that these wheels will accurately accommodate. 
50 miles = 264,000 feet; velocity V = 734 feet a second. 


= 7280 inches = 608 ft. 8 in. 


E A AOne EA CE D 
*—'jR ^ 322x819 7 
for & radius of 819 feet, 
bd _ 28x47 — 
*= oR gxgp ^ 9? 


^. 1958 —:008 295, elevation of the outer rail. 
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ON THE PRESENT ASPECT OF THE FINE ARTS IN 
ITALY, WITH ESPECIAL REFERENCE TO THE 
RECENT EXHIBITION IN FLORENCE* 


By M. Dicsr Wrarr, Architect. 


To proceed with some little method, it will be well to take firat 
of all the three generally received fine arts— Architecture, Paint- 
ing, and Sculpture; aud then the leading art-industries in succes- 
sion, noting briefly the apparent condition of each in Italy at 
the present date. 

ith regard to Architecture it may be observed that the per- 
nicious influence exercised by Bernini and Borromini, whose 
trivialities obtained exceasive vogue during the greater part of the 
17th century, tended to the production of that rococo style which 
caused a great deterioration in the florid ornament of the Roman, 
Venetian, and Northern Jtalian schools. But extravagant as 
Bernini was, it would be unjust to deny that he frequently re- 
deemed his excesses, as in the colonnade of St. Peter's, and in the 
Church of St. Aguese, in the Piazza Navona, at Rome, by great 
facility of design and a certain not unnoble bravura of style. 
Borromiui's great follower, Guarini, out-Heroded Herod, and de- 
monstrated by an argumentum ad absurdum, the ridiculous conse- 
quences of adopting the whimsicalities of Borromini. 

The brilliant talenta of Vanvitelli, aud the majestic senle upon 
which he worked out the immense Palace at Caserta, teuded to 
maintain the dignity of his art during the greater part of the 18th 
century; and showed that magnificence and grand conceptions of 
pene effect had not yet deserted Italian architecture. From 

is death in 1773, architecture and ornament also greatly declined; 
and although monuments upon a large scale have been frequently 
erected since that period in Italy, but few of them are worthy, in 
any quality excepting that of scale, to rank with the purer taste of 
earlier times. 

The feeble classicisms of the style of the Empire were generally 
slavishly reproduced in Italy during the early part of the present 
century; and until comparatively recent days little of considerable 
merit has been executed. 

The works of Piranesi, Albertolli, Cicognara, and Canina, and 
the illustration principally by foreiguers (such as Percier and 
Fontaine, Mazois, Grandjean, Famin and Montigny, Gauthier, 
Letarouilly, Zahn, Gütensohn and Thürmer, Grüner, Taylor and 
Creasy, Willis, and Hessemer,) of their great monuments of art, 
have led to a return toa purer class of architectural ornament than 
had been previously in vogue; while the earnest writings of the 
Count Selvatico, and the translation of Rio's Poesie Chrétienne, 
have introduced to the Italian architects those rational principles 
of design, including the treatment of constructive form and of or- 
nament, originated amongst us by the younger Pugin. 

The great scale of the existing edifices, and the reparations 
which it has been necessary to make from time to time to save 
them from destruction, have constantly maintained Italian arti- 
zans in the practice of rivalling the ancient work; so that in every 
department of building, hands at least abound perfectly capable 
of carrying out the most difficult designs. 

No better illustration of this abundant material power could 
cd be given than the rapidity and dexterity with which the 

uildings for the Exhibition were adapted to their present pur- 
pose, in a few weeks only, under the skilful directions of the 
architecta Signori Presenti of Cortona, and Martelli of Florence. 

The feeble academic system which has until recently prevailed, 
and under which the professorial chairs were not unfrequently 
occupied by political parasites, rather than by duly qualified pro- 
fessors of real abilities—coupled with the lack of occupation—has 
certainly enfeebled the powers of the last generation of architects 
in Italy, although there are, of course, some honourable exceptions 
to such a reproach. : 

Anong them I would place conspicuously the Cavaliere Nicolo 
Matas, of Florence, who is uow on the eve of completing a work 
which must for ever do honour to his country. I allude to the 
restoration of the facade of the Church of Santa Croce, which is 
being conducted upon a scale of nobleness worthy in every 
reapect of the building in which are deposited “ashes” which, as 
Ba says, are in themselves “an immortality of dust." The 
whole of this work, which is of enormous extent, is carried out 
in different coloured marbles, wrought with an exactitude worthy 
of the celebrated masonry of the shrine of Orcagna in the Or San 
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Michele, so highly praised by Varsari. The sculpture is being 
executed by the most distinguished sculptors of Florence, and the 
result of their combined abilities is such as could scarcely, I 
believe, be rivalled at the present time, by designers, artists, and 
workmen in any of the capitals of Europe. 

Scarcely less praise should be awarded to the authors of the 
noble restoration now making of the Bargello at Florence—the 
old palace of the Podestas. 

Very recently a programme has been put forth, inviting designa 
from Italian and other artists, for completing the façade of the 
cathedral at Florence. The greatest praise is due to the Italians 
for their earnest desire to remedy so great a blot as the incomplete 
state of this fagade has always been to that noble building, Santa 
Maria del Fiore, the master-piece of Arnolfo di Lapo and Bru- 
neleschi. 

In the Exhibition, under the head of * Building Materials and 
Contrivancea" but little was worthy of remark, with the excep- 
tion of the terra-cotta, which was, generally speaking, very good, 
more especially in the article of stoves, and vases for garden deco- 
ration. There are some successful imitations of the works of Luca 
della Robbia, as well as of the glazed and coloured tiles attributed 
to Girolamo della Robbia. To these we shall however return, 
under the head of ceramics. There are some interesting collec- 
tions of marbles and building stones, and some very excellent 
scagliola. No less than four exhibitors received prizes for the 
production of hydraulic cements—an article until recently, despite 
their pozzolana, scarcely manufactured in Italy. An imitation of 
marble, made with cements of this description, and admirably 
coloured, has been perfected by the Marchese Campana, of Naples, 
and several specimens of his skill have been purchased for the 
South Kensington Museum. A manufactory of parquetry on the 
Swiss system has been lately established at Florence, and very 
fair specimens of flooring are exhibited. 

Of decorative painting as applied to architecture I observed no 
specimens in the Exhibition, but in the streets und houses quite 
enough to assure me that ver gront dexterity was common among 
men little raised above the class of ordinary house painters. 

For more elaborate decorations we know, from the skill of 
Signor Abbate, the decorator of the Pompeian house in the Crys- 

Palace, in this country, how readily competent decorators may 
be found; and it would, T think, require very acute observation on 
the part of anyone inspecting the old arabesques by Pierino del 
Vaga, in the Villa Doria at Genoa, and the grotesques executed 
in the same building by Annibale Angiolino, of Perugia, now 
living, to distinguish between the old and modern work. 

Of the architectural designs in the Exhibition I am sorry to be 
unable to speak in laudatory terns. The most industrious amongst 
the artists appear to be Niccole Bregalia and Panfilo Rosarti, of 
Naples, who produce many drawings of architectural fragments 
ad restorations from Pompeii, executed in the French academic 
style. Jn the remainder there is but little merit, although in 
water colour drawings there is evidence of considerable command 
over the delineation of architectural form. 

The modern paintings of the Exhibition have been so fully 
and ably commented on, in the pages of the Times by Galenga’s 
brilliant pen, of the Athengum by Mr. Trollope, and of other 
journals, that I do not propose to dwell at any ne upon them; 

ut would simply remark that the old school of David and the 
classicists, as represented in Italy by Camuccini, and to a certain 
extent by his rival, Benvenuti, appears rapidly dying out; and in 
place of the well-drawn, but artificially grouped and badly coloured 
gallery pictures, such as many of those of the late Professor Bez- 
zuoli, of Florence (one of which figures in the place of honour in 
the great gallery of the Exhibition), genre and landscape paintings, 
less carefully drawn, but embracing more romantic incident, live- 
lier action, more natural effect, and far better colour, appear to 
predominate, 

There are, however, two large gallery pictures which merit the 
higheat possible commendation. One is “The Expulsion from 
Florence of the Duke of Athens,” by Professor Stefano Ussi, 
which is a noble historical picture; and the other a picture of 
peat power, by Domenico Morelli, of Naples, called “The 

conoclasts "—the subjects of both, it will be seen, rendering tri- 
pate to the importance, the one of political, the other of spiritual, 
iberty. 

Among the best of the pens of less pretension than these 
two may be noted, “The Procession of the Burial of Buondel- 
monte," by Altamura, of Naples; two other pictures by Morelli; 
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“The Council of Ten in the Courtyard of the Palazzo Ducale, on 
their wav to the Hall of Council,” by Celintano, of Naples; 
* Some Incidents of the War," painted by Carlo Ademmolo, of 
Florence; and “The Battle of Magenta,” by Induuo, of Milan, 
a smart souvenir of Vernet. Of the Neapolitan school one has to 
remark the specially improved character of the colouring and 
mode of painting. 

For the same reason that I have so summarily disposed of the 
paintings in the Florentine Exhibition, I would refrain from 
entering into detail upon the subject of Sculpture; but as, propor- 
tionately, the monuments in the latter art are of a superior quality 
to the evidences of ability presented by those of the former, I 
think it but just to indicate a larger number of those works which 
appear to me to possess distinguished merit. 

To say that the spirit of Canova is yet dead in Italy would be 
incorrect: but one is happy to recognise that, while much of his 
effeminacy and artificial composition is disappearing, much of his 
beauty of form and delicate finish in marble working is satisfac- 
torily preserved. The care he bestowed in modelling the articula- 
tions of limba, and the extremities generally, is rivalled in most 
of the best works now exhibited, although some few, otherwise 
excellent, fail in those important details, 

The work which has attracted most attention, and with good 
reason, is the well imagined and gracefully carried-out figure of 
“ A Girl reading," by Pietro Magni, of Milan. That sculptor, 
with Strazza (the author of the “ Ishmael,” in the Exhibition of 
1851), and Vela, of Milan, an artist of great talent, may be looked 
upon as leading representatives of the Boraautie school of sculp- 
ture in Italy, as opposed to the more Academic style, which finds its 
ablest representatives in Cambi, Santarelli, Costoli, and Fantac- 
chiotti. 

Dupré, of Florence, a sculptor of very great power, partakes of 
the matu of both classes, but falls slightly, in Pe of his works, 
into that leading defect of inattention to pure heauty of form, with 
which the Romanticists, in aiming at expression rather than the 
“ beau ideal,” may be occasionally reproached. 

The most absolutely Canovesque of sculptors is, apparently, De 
Fabris (lately deceased), whose ‘Love aud Psyche” is one of 
the honied but feeble reminiscences of the subject so dearly loved 
by his master, the father of modern Italian sculpture. 

It is to be regretted that Tenerani, of Rome, Canova’s favourite 
Italian pupil, has not contributed to this Exhibition, sluce his 
great powers would have gone far to vindicate the school of that 
really fine artist, under whose influence Tenerani's best works 
have been produced. 

The principles upon which I believe the popularity of Magni's 
statue of the “Girl reading” is founded, appear to me so impor- 
tant, and indeed so novel, in their application to modern sculp- 
ture, that I think it my duty to dwell for a few minutes upon 
them. A maiden, of no great pretensions to beauty, either of 
form or feature, and in the simplest dress, is represented seated 
on a common rustic chair, reading. There is no very great study 
evidenced in the arrangement of the lines either of the figure or of 
the draperies, and indeed, in one important particular, the model- 
ling of a portion of the bosom, a manifest defect is to be observed. 
The head is very truthfully modelled, and the expression is one of 
quiet concentration on the theme of the volume, in the study of 
which the reader's whole attention seems to be absorbed; that 
theme being, as may naturally be imagined at the present junc- 
ture, the development of Italian liberty under the sovereignty of 
Victor Emmanuel. Such elements may not in description, 
perhaps, appear likely to result in the production of a striking work 
of art; and yet the power of this small statue is such as to arrest 
and enchain the attention of everyone coming within sight of it. 
The potency of the spell I believe to mainly consist in the con- 
centration of purpose manifested in the whole composition. There 
is no straining for effect—to borrow a theatrical phrase, “no 
playing to the foot-lights "—and none of that coquetry, half con- 
scious of nudity, and evident flirting of the damsel with the 
spectator, which disfigure so many ordinary representations of 
female form. Other charms are unquestionably the ease, nature, 
and simplicity of the whole arrangement, Nothing is allowed to 
interfere with the tranquility of the action, and such is the effect 
of this appearance of quiet, that almost instinctively the spectator 
treads, as he passes, with lighter foot, and speaks in “ bated 
breath," lest he may startle the marble maiden, who aite wrapt in 
her brooding fancies, as it were, unconsciously before hin, A 
second of Magni’s works, “An Indian Mother,” seated in a shawl 
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swung over the branches of some trees, in such a manner as to 
make the figure appear entirely unsupported, is a tour de force in 
marble arcing the slight tendency to extravagance in which is 
to be overlooked in the elegance of the action and the careful 
modelling of every portion. 

A third work by the same sculptor is of considerably less 
merit. It represents a statue of Socrates, and, whether intention- 
ally or not on the part of the artist, conveys an almost instinctive 
reminiscence of what one cannot but fancy the sovereign of 
United Italy himself might be with little else upon him thana 
rather scanty shirt. The compliment, if it be meant for one, is 
indeed somewhat dubious, 

Vela, another Milanese, contributes one figure only, and that of 
an almost too voluptuous cast of beauty and attitude—* Spring,” 
a nymph bounding upwards, but, aa it were, canght and entangled 
in the vernal flowers from which she seems to be rising. In 
delicacy of modelling, and that truthful rendering of flesh in mar- 
ble which the Italians term morhidezza, there is nothing, I think, 
in the whole Exhibition to equal it. It is to be regrettted that 
other works of Vela's are not to be found at Florence. 

The most ambitious figure is certainly the ** Daughter of Zion 
in her desolation," by Morelli, of Leghorn; but in aiming at 
grandeur the sculptor has neglected beauty, and thus fails to en- 
gage the sympathies of the spectator. 

Fantacchiotti, of Florence, who enjoys a great and deserved local 
reputation, exhibits several works of very considerable merit, the 
best being the monument to the late wife of Mr. Spence, an Eng- 
lish artist, long resident at Florence. The figure, which is that 
of a very beautiful matron, is represented ns extended, after the 
manuer of some of the finest of the cinquecento monuments, on 
a bier, recalling, in many particulars, the general form of the 
ancient sarcophagus. In front are amoriue, and beneath are 
square tablets, inserted, as it were, in a plain and well-designed 
pedestal. The special merit of this work is two-fold. In the 
first place, all that may be called pure sculpture—that is the re- 
presentation of the human form, and the draperies and ornaments 
connected with it—is thoroughly good; and in the second, these 
elements are combined with such conventional lines, masses, and 
ornaments, as adapt the whole composition for alliance with what- 
ever may happen to be the architectural forms of the structure in 
which this beautiful work may be destined to be placed. What 
the consequences of the common want of skill in similar combina- 
tions may be, it is scarcely necessary to point out to au audience 
whose remembrances of St. Paul's and Westminster Abbey would, 
probably, be too poignant for me to do more now than hint at. 

Strazza, whose “Ishmael” in the Exhibition of 1851, and 
whose “ Audace” in the Crystal Palace have made us well 
acquainted with his capabilities, faila to sustain them at Florence 
in his statueof the “Sposa Novella," which has however received 
the compliment of purchase by the king. Neither strikingly 
beautiful nor very expressive of its title, the modesty of the recent 
bride seems rather of that affected class, tlie freedom from which 
I have already commended in Magni’s masterpiece. 

Santarelli, of Florence, a well-known artist, exhibits a “ Shep- 
herd Boy,” which has merit; but his “ Magdalen” is too close a 
reminiscence of that of Canova, and fails to sit up comfortably. 
The infant’s “Prayer of Innocence” is offered up rather bya 
little man than by a true bambino. 

The same reproach as to want of youthfulness in form may be 
applied to the ‘Amore Mendicante” of Cambi, the general 
intention and action of which, however, is clever and expressive. 
The same sculptor’s “Eve” recalls far too much and too many of 
the leading defects of our English acadewician, Bailey. 

Pierrotti, of Milan, exhibits a very good anatomical study, in 
the shape of “A Hunter killed by a Snake.” The subject isa 
difficult one, and has been well mastered by the skill and know- 
ledge of the artist. 

In the true academic style, Costoli’s * Death of Meneceus” is 
to be highly commended, as being thoroughly well modelled, and 
well balanced in a difficult pose. His ‘ Charity,” a large bas- 
relief, is by no means so good. 

Dupré showsa “Mater Dolorosa,” the character of which is 
sublime and devotional in a high degree. He has also a 
“Sappho,” in an attitude not altogether dissimilar to, although in 
no way plagiarised from, that of the well-known work of Pradier; 
and a sculptured pedestal, for apparently a large flower basin. 
The modelling and composition of the figures in alto-relievo 
which decorate the latter it is no small praise to 'pay are, I con- 
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sider, fully equal to those we so much admired in Professor 
Drake's pedestal in the Great Exhibition of 1851, a somewhat 
similar work. Theattitude and expression of the “Sappho” and 
the draperies are admirable, but some portions of the nude have 
been modelled from rather too low a type of female beauty to be 
altogether satisfactory in a work of ideal art. 

Admitted into the fellowship, if not the nationality, of Italian 
sculptors, are the well-wnown American and English artists, 
Power and Fuller. The “Greek Slave,” and “ Youth holding a 
Shell,” the Proserpine, and many admirable busts by the former, 
are too well known in this country to need dwelling upon; but 
with his * America” we are not so well acquainted. Unlike the 
life and vivacity of that population, whose every breath it appears 
must be drawn in an atmosphere of sensation, and whose vital 
energies seem inexhaustible, the embodiment of the sublimated 
essence of moderu republics is tame and dead; but, like at least 
the major section of that unhappy continent, she stands but feebly 
and totteringly, and one touch only seems wanting to overthrow 
the unstable goddess. 

By the latter artist (Captain Fuller) there is a remarkably 
good figure of a “Drowning Boy,” admirably modelled, and full 
of energetic action. The tempest-tossed sailor lad still struggles, 
though evidently unavailingly, with the elements which over- 
power him. 

This scanty list by no means exhansts the excellencies, or per- 
haps rightly points to the salient defecta, of the really fine collec- 
tion of works of sculpture, which it is not too much to say formed 
the leading feature of the Florentine Exhibition; but I feel it 
necessary to quit the field of pure sculpture for that application 
of the art which lends its highest graces to industrial production. 
The two most distinguished 
industry, worthy maintainers of the fame Brustolone acquired 
for Italian wood-carving in the last century, are well known in 
this country—Barbetti and Pietro Cheloni, of Florence. The 
former exhibits a grand door, carved with no less than twenty 
alto-relievos of biblical subjects, trented somewhat after the 
manner of the celebrated gates of Ghiberti. Unlike them, 
however, the aculptures under notice have been executed in walnut 
wood, as a commission for Prince Demidoff, for the entrance door 
to whose Russian chapel at San Donato, near Florence, they are 
intended. The general design is, it appears to me, monotonous, 
from its extreme rectangularity, and is ill arranged in the junc- 
tions of the vertical and horizontal divisions with the semicircular 
head of the door. The carving is, however, executed in so mas- 
terly a style as to constrain an admiration for the details, which 
fails to be excited by the general aspect of the whole. 

The same artist contributes a large oak bench, the seat of 
which is hinged, in order that the lower part may answer the 
purpose of the cassapanca, which formed so leading a feature in 
the Italian interiors of the quatro and cinque-cento periods. In 
general design this work is better than the door just referred to, 
and leaves behind a feeling of more entire satisfaction. 

The capability for the most important works shown by these 

roductions is destined to be put to an even loftier purpose, since 
rbetti and his sons are now engaged in the execution of a mag- 
nificent case, 6 ft. 6 in. high, entirely wrought in ivory and ebonv, 
to hold the National Crown of Italy. Of this grand work a full- 
sized water-colour drawing was exhibited, and I fully believe 
that the realisation of the design (which is exceedingly good) 
will be not unworthy of the ancient glories of Italian ornamental 
carving. 

Cheloni works in a manner which very perfectly reproduces the 
delicate handling of Mino da Fiesole, Civitale da Lucca, and 
Andrea Ferrucci, and proves that, with judicious encouragement, 
he may become a formidable rival to the most distinguished 
amongst the Parisian magnates in the production of luxurious 
furniture. His bookcase, and above all, a single little panel in 
wood, fully justify this assertion. It is to be hoped that this 
fine bookcase, as well as the case for containing the National 
Crown, by Barbetti, may form ornaments in our Exhibition this 
year, where they cannot fail, I think, to be greatly admired. 

The only rivals, although there are, of course, many approach- 
ing the excellence of Barbetti and Cheloni in ornamental carving, 
are Antonio Superchi, of Parma, and Professor Giuati, of Sienna. 
The former exhibits only a small panel, carved in soft wood, with 
arabesque ornament. It is, however, a masterpiece. The latter 
works in ivory, and appears to be well supported by English 
patronage, since his. miniature reproduction of the celebrated 
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Fountain of Jacopo della Quercia at Sienna, and his exquisite 
little picture frame, have been produced, the former for the Earl 
of Northesk, and the latter for the Marquis of Por 
For the Count Agostino da Gori, Giusti has wrought a little 
coffer or box to contain autographs of men of science, artists, 
poets, &c. The shrine is by no means unworthy of the relics. 

Time will not permit of my dwelling at greater length upon 
individual specimens, or even extending my catalogue of ingenious 
artists. Itinay suffice to say, briefly, that in marble, stone, ivory, 
ebony, and plastic compositions, the application of sculpture to 
industry forms probably the most distinguished feature of the 
industrial portion of the Florentine Exhibition. 

It would be unfair to the Italians to pass from the subject of 
applied sculpture without noticing one form of it in which, from 
classical times to the present, they have maintained a decided 

re-eminence over other nations. I allude to the art of working 
in gems and precious stones. 

The names of Girometti and Ouelli, of Rome, are celebrated, 
and their productions still command very high prices, in propor- 
tion perhaps to the labour, but too great for the art displayed; as 
for instance, the single cameo of Signor Girometti is valued at no 
less than 30,000 francs, or £1200, a price possibly, as the Italians 
say, “ da combinarsi.” Neither of these artists, in my judgment, 
sustains his previously acquired reputation; while the intaglios of 
Berini of Milan, a less known man, are, if pot so valuable, far 
more agreeable, being both designed and wrought in better taste, 
and rather reproducing Grecian than ancient Roman styles of 
execution. 

The old celebrity of Valerio Vicentini for the execution of intaglios 
in crystal, resting not only on the warm tribute of admiration 
paid to his genius by Varsari, but on exquisite relics of his skill 
still preserved at Naples, Rome, and Florence, has excited the noble 
emulation of Beltrami of Cremona, a very beautiful specimen of 
whose handicraft is exhibited by the Brothers Turina. I believe 
Beltrami to be no longer living. i 

The medallic art of Italy, so famous of old through the dies cut 
by Cellini, Bastiano Ceuniui, and others, is well sustained in the 
present; day, and specimens furnished by the mints of Florence and 
Rome show that their ancient dexterity has not entirely deserted 
their descendants. 

Before altogether quitting the Fine Arts, there are some forins 
in which they appear so closely allied to Industrial Art, and in 
their alliance so fite modified, as to demand notice before proceed- 
ing to a consideration of those industries, the types and constitu- 
tion of which are affected comparatively remotely by the three 
fine arts. I class in the former of these categories engraving, 
lithography, chromo-lithography, and photography. 

From the days of Marc Antonio Raimondi, through those of 
Volpato and Raphael Morgheu, to modern times, rendered illus- 
trious by the names of Perfetti, Jesi, and Toschi, the Italian 
school of line engraving has maintained an almost unquestioned 
pre-eminence over its contemporaries of therest of Europe. That 
great work, the engraving of the frescoes of Correggio at Parma, 
upon which all the later years of Toschi's life were employed, con- 
tributed to the education of a generation of engravers, many of 
whose works are fully worthy of their cultivated master. 

The basis of all excellence iu this artis, of course, the perfection 
of what is known as the engraver’s drawing—in other words, his 
rendering in chiaroscuro (of the exact size of the plate proposed to 
be produced) of the picture selected for reproduction on steel or 
copper. In this art the Italians have greatly excelled, and do so still, 
since it would be scarcely possible in this way to surpass such a 
drawiug, for instance, as that by Calamatta of Raffaelle’s * Madonna 
di Foligno.” 

For perfection in soft and fleshy modelling the palm must, I 
think, unquestionably be given to Toschi, for his print of the Ma- 
donua della Scala, by Corregio; and Tommaso Aloysio Juvara, the 
leader of the Neapolitan school, several of whose minor specimens 
are of extraordinary excellence, must, I think, be placed next iu 
order of merit. 

Of Toschi's old assistants on the Parmesan Corregios, Perfetti 
of Florence, Scotto of Genoa, and Calamatta of Civita Vecchia, 
many agreeable specimens are exhibited; and the print of the Ma- 
donna della Seggiola, by the first named, is worthy of high com- 
mendation. 

A work now in progress on the gallery at Florence, and most 
creditable as a current Italian publication, appears to have given 
employment to many of the best contemporary engravers, and 
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beautiful plates as well as engravers’ drawings for this work are 
exhibited by Ulisse Forni, Frederico Calendi, and Agostino Tricca. 
I cannot leave the subject of Italian engraving without noticing 
the extraordinary pen-and-ink drawings by Professor Vincenzo 
Gazzoto of Padua. On three large sheets this artist has depicted 
in a most masterly manner the “Joys of Paradise," the “Sufferings 
of Purgatory,” and the “ Despair of Hell.” Not only are these 
compositions highly imaginative—in this respect rivalling the 
analegous works of our own Martin— but they are drawn with 
a masterly knowledge of light and shade, foreshortening, and 
of the human figure. The drawing of Paradise is exceedingly 
beautiful. 

In chalk and ink lithography a fair average is maintained by 
the houses of Richter, of Naples; Carpentier, of Florence; and 
Borzino, of Milan; while in chromo-lithography they may safely 
be put in comparison in quality if not in quantity o production, 
with the larger establishments of Paris, Vienna, Berlin, and 
London. 

By the fimt named house two works are exhibited, the execution 
of which is eminently honourable to Italy at the present time, 
One of these is a perfect series of illustrations of the painted deco- 
ratious of Pompeii, published by Niccolini, being for the most part 
fac-similes of the beautiful drawings of Abbate. The other is an 
equally fine series of illustrations of the Abbey of Monreale, near 
Palermo. The latter work has been produced mainly through the 
energies of the Benedictine Fathers of the Abbey, under the able 
leadership of the Padre Gravina. For those who would seek to 
revive the manufacture of pictorial mosaics in this country—and 
happily they are now many—no more useful work can be recom- 
meuded than this, in which tlie glories of the celebrated Norman 
cathedral are admirably reproduced iu all their details. Bor- 
zino's imitations of oil pictures are all but deceptive; while 
Carpentier produces at very reasonable prices excellent coloured 
souvenirs of the moet beautiful pictures of Fra Angelico and 
othey masters. : 

The illuminator’s art is so nearly allied to the art of chromo- 
lithography, that I may consider this to be the fittest place to 
notice the evidence given by Napoleone Verga of Perugia, thnt the 
traditional skill of the Italians in “ quell’arte che alluminare echia- 
mata a Parisi,’ from the days of Dante to the end of last century, 
has not been lost. In his illuminated addresses from the munici- 
pality to the Marchese Pepoli, Verga shows himself, if somewhat 
inferior to Giulio Clovio, Buonfratelli, and Girolamo dai Libri, 
superior to almost all other ancient magnates in the art of illu- 
miuation on vellum. 

As connected also with chromo-lithography may be noticed the 
art of colour-printing by means of typography, that is, from type 
or brass rule. Of this some good specimens were shown by 
Frederico Lao. 

Rafaello Salari, of Florence, contributed fac-similes, executed 
with the pen, of ancient block aud other early printing and wood- 
cut illustrations, fully sufficient to deceive any eyes but those of 
the most accomplished bibliomaniacs, their perfection equalling, 
if not exceeding, that of our justly-celebrated Harris, whose works 
created so much sensation among the learned in rare editions and 
tall copies in 1851. 

In photography the names of Ponte of Venice, Alinari of Flo- 
rence, and Dovizielli of Rome, are well known in this country as 
connected with very perfect reproductions of the most striking 
architectural monuments of those cities. It may be enough to 
say that they ably sustain their reputation amidst rivals whose 
excellence brings them within a few paces of the foremost in the 
race. Duroui of Milan exhibits a full-length life-size figure of 
the king, in its way a triumph over very great difficulties. A less 
favourable subject, however, for such an experiment could hardly 
have heen selected. Caldesi’s reproductions of the Hampton 
Court cartoons are too well known to need commendation from 


me. 

My respected colleague, Mr. Le Neve Foster, will no doubt fur- 
nish you with such comments on the relative excellence from an 
ecouomical point of view of the decorative arts, as may justify my 
noticing now only very briefly those refinements of design or exe- 
cution which raise certain branches of production from the posi- 
tion of crudely supplying natural wants to that of ministering to 
that craving for beauty, which becomes more or less largely 
developed in each branch of manufacture in proportion to the 
fluctuating conditions of highly-civilised nations. 

In metallic art there was not much to notice, since none of the 
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branches of that class of industry were very largely represented’ 
In the precious metals much more design and ingenuity were 
displayed than—with one or two exceptions, to presently 
mentioned—appear in productions in the r metals. Iam un- 
able to praise the silversmiths’ work generally, since the Italians 
as yet do not appear to have fully appreciated the ancient styles 
of tinish of their own forefathers, or even those of the Wagners, 
Froment-Meurices, Morels, and Vechtes, of the pet and present 
generations in other countries. The best works of this kind, 
where little was really guod, appeared to be the vase designed and 
executed by Tomaso Rinaldi of Modena, and the sword of bonou 

resented to the King by the citizens of Modena, and executed 

y Rinzi of Milan. The steel blade of the latter, which was 
cleverly inlaid with gold and silver, showed that the old art of 
working ail'azzimina, or damascening, in which Cellini so greatly 
excelled, is not lost in Italy. 

A still nobler sword than this, as far as material is concerned, 
was exhibited, the work of Castellani of Rome. The hilt was 
somewhat too severe in style for one wrought in gold, and did not 
appear to me equal in workmanship to much that I have seen 
elsewhere, and iudeed in London last season, by the same distin- 
guished jeweller. It is to be regretted that he did not contribute 
any other specimen of his skill on the present occasion. I must 
confess that I have seen in shops at Rome, Genoa, Florence, and 
Naples, far better jewellery than was displayed in this the first 
great Italian Industrial Exhibition, where so important a branch 
of industry should have been better represented. 

In cast-iron there was little worthy of remark, with the excep- 
tion of a very clever gas lantern, cast at the foundry at Pignone, 
near Florence. 

In bronze and brass founding and chasing I have never seen in 
any country better work produced than that for which Clemente 
Papi, of Florence, is so justly renowned; and I believe that it 
has puzzled those most ferie in the process of metal casting 
to understand by what means his extraordinary reproduc- 
ber ct groups of natural flowers have been made out of molten 
metal. 

In wrought-iron, for which I need scarcely remind you that 
Florence and Sieuna were formerly most celebrated, Pasquale 
Franchi, and Benedetto Zalaffi (both of the latter city), exhibit 
themselves as truly cunning smiths. The former has produced a 
small pair of gates, in which the vine, the olive, and groups of 
coru, become admirable ornaments to a well-arranged series of 
conventional lines and forms; while the latter senda some iron 
rings and brackets, similar to those formerly attached to the old 
palaces of Italy. These are all wrought with hammers and 
punches, with such freedom and spirit as to be likely enough to 
deceive enthusiastic purchasers, who may be unable to refrain 
from attempting to carry off trophies of the former glories of 
those nobles, in whose families the right was alone hereditary 
to attach such marks of nobility to the head-quarters of their 
race. 

In pierced steel-work the cutlers of Campo Basso, the only 
place in Italy in which much cutlery is manufactured, exhibit 
considerable dexterity; and the pierced scissors of Vinditte 
Terzano are elegant. both in design and execution. One singular 
pair of desk scissors, highly and pleasingly ornamented, bore the 
singular inscription, in incised characters, * Scipione Santangelo, 
al municipio di Firence;” the gift recalling the good old days of 
Florence, when nothing was deemed too precious to be offered 
out of the tradesman's abundance to his well-loved home and 
city. 

For embroidery the Italians have long been celebrated, and 
many specimens were displayed, better both in design and execu- 
tion than any of those French and Belgian examples which have 
been so largely manufactured during the last century, for the 
glorification of the rites and ceremonies of the Romish Church. 
One of the most splendid specimens of such work, although 
destined for regal rather than ecclesiastical use, was to be observed 
in the hangiugs for the royal throne, embroidered in the publie 
Female School at Florence; the design for which, being by no 
less clever an artist than Pietro Cheloni, was of a highly satis- 
factory description, and the work reflected credit more particu- 
larly upon the widow Bassi, the teacher of the art of embroidery 
in that school, uuder whose special superintendence the whole 
has been executed. 

(To be continued.) 
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ON SOME RECENTLY EXECUTED DEEP WELLS 
AND BORINGS.* 


By Georar R. BunNzLL, CE, F.G.8., F.S.A. 


Tue remarkable success of the operations carried on at Passy, 
for the supply of the artificial waters of the Bois de Boulogne by 
means of an artesian boring of unusually large diameter, has 
lately revived the public interest in that class of operations, both 

_ onthe continent and in England. It has been proposed, indeed, 
to apply that system, on even a larger scale than was tried at 
Paria, to our own metropolis; and the scheme for sinking a series 
of deep wells in the various parts of London has been revived by 
some enthusiastic admirers of the results obtained by our neigh- 
bours, Experience has already decided the problem of the pos- 
sible success of such attempts here, and it may, therefore, be 
desirable at the present day to review briefly the history of 
artesian wella at home and abroad, iu order to prevent the waste 
of money and the disappointment which may arise from ill-advised 
imitation of the measures proved to be successful in some cases, 
but by no means universally applicable. 

The term “artesian well” means, strictly speaking, only a well 
sunk to a considerable depth, through a dry and impermeable 
upper stratum, to a lower stratum charged with water, under 
such conditions of pressure as to cause the water to flow over the 
surface of the ground. The first wells of this description men- 
tioned in modern works on hydraulics were executed in the pro- 
vince of the Artois, in France, where they were sunk in the chalk 
formation, and were supplied by the streams running between the 
fissures of that deposit, which were fed by the infiltration from the 
higher ground of the great north-eastern chalk plateau of France. 
It is said that some of these wells in the Artois have been used 
for nearly a thousand years, without any perceptible diminution 
in their supply; but it must also be added that the ancient Egyp- 
tians and the Chinese had, from the remotest antiquity, been 
acquainted with this method of obtaining water, and that the 
inhabitants of the plains of Lombardy have long used the waters 
rising from the deep-seated strata of the valley of the Po for the 
irrigation of their * marcite,” or winter meadows. Be this as it 
may, and without dwelling upon the locality where this descrip- 
tion of well was first made, it seems that about the beginning of the 
present century great attention was drawn to them by the success 
of a number of borings through the London clay into the sands 
of the basement beds of that formation, made in the valleys of 
the Lea, near Broxbourne, Waltham, and Tottenham, and of the 
Wandle, near Mitcham, Garratt, Wandsworth, &c. In the low- 
lying alluvial islands at the mouth of the Thames, some very 

eep wells were also sunk through the London clay, and a copious 
supply of fresh soft water was obtained; and, in fact, so many 
wells have been sunk into the water-bearing strata of the tertiary 
sands, that they have been nearly exhausted. Whilst these 
operations were being carried on in England, the French engineers 
energetically adopted the system upon which they were 
founded, and numerous artesian wells had been sunk at Epinay, 
Stans, and St. Denis, with similar results to those obtained nesr 
and in London, that is to say, that in the earlier wells the water, 
generally speaking, overflowed the surface, whilst in the latter 
ones it rarely attained the level of the ground; and the water-line 
sank in the older wells in proportion as new ones were opened. 

In 1833 M. Arago induced the Conseil Municipal of Paris to 
undertake the execution of a deep boring, in the hope of obtain- 
inz & supply of water from the lower green sand formations, 
which he supposed to form a continuous bed under the chalk 

n, underlying, in its turn, the tertiary strata of the neigh- 
bourhood of Paris. This lower green sand, in fact, outcrops 
from under the chalk on the whole of an irregular oval, passing 
from the north-east through the south, nearly to the north-west 
of Paris, and it approaches that city the most nearly at the point 
where the Seine forces its way through the overlying recent 
formations near Troyes, in Champagne. At Lusigny, the precise 
point of ontorop, the surface of the green sand is about 300 or 350 
feet above the level of the plain of Grenelle, where it had been 
resolvel to make the first attempt to traverse the tertiaries and 
the clk. From this fact, MM. Arago and Walferdin inferred 
that tie water from the green sand would flow over the surface 
at Genelle, and they were encouraged in that opinion by the 
erigence of numerous artesian wells carried through the chalk 

intehat stratum, from which they expected to obtain their sup- 

—} 
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ply at Elbceuf and Rouen. The depth it would be necessary to 
sink the new well constituted the unknown conditions of their 
undertaking; but not only MM. and Walferdin, but also 
M. Mulot, calculated from the first that they would find the 
chalk extend to at least 1300 to 1400 feet from the surface. So 
little however was known of the probable cost, or of the dangers 
and risks of these deep borings, at the time the well of Grenelle 
was commenced, that the municipality of Paris only voted a sum 
of 18,000 francs abel for boring three such wells. 

On the 29th of November, 1833, the works of the Grenelle 
well were commenced by M. Mulot, and after encountering many 
serious difficulties from the nature of the ground, and from the 
fracture of the tools made to work at so t a distance from the 
surface, the able and scientific men who had supported M. Mulot 
through evil report and bad report, were rewarded by finally 
obtaining & copious jet of water from the lower green sand on the 
26th February, 1841. The depth then reached was 1806 ft. 9 in., 
of which 1378 feet were in the chalk; the water rose at first at 
the rate of 800,000 gallons per day, to the height of about 122 
feet (the level of the distributing reservoir of Grenelle), and its 
temperature was about 82? Fahrenheit, When it first rosetothe 
suríace, it contained large quantities of sand, clay, and other 
matters in mechanical suspension, and it was nearly twelve 
months before the water passages of the subterranean strata were 
sufficiently cleared to allow the water to rise in a state fit for 
distribntion. On several subsequent occasions also, the sand has 
accumulated in such quantities, in the pipes lining the bore, as 
to render it necessary to draw and clean them, 

This boring operation had been watched very carefully by 
English engineers, and even during its progress similar works had 
been attempted in our own country. As might naturally have 
been expected, the success of the Grenelle well, under these circum- 
stances, induced our countrymen to continue their work with 
redoubled ardour, but unfortunately they have displayed less 
perseverance, and it is to be feared less skill, than our neighbours; 
for hitherto none of the deep borings undertaken avowedly for 
the purpose of das gin supplyof water from the subcreta- 
ceous beds in either the London or the Hampshire basins, have 
completely succeeded. In the case of the Kentish Town well, it 
is true that some very extraordinary and anomalous conditions 
of thestrata have been found to exist, which have totally derauged 
all the scientific calculations of the able geologists and well-borers 
consulted during its execution; but it has too often happened in 
England, that works of the kind we are now considering have 
been undertaken aolely on the recommendation of amateur geolo- 
gists, or of “practical men,” as it is the fashion to call those who 
are totally ignorant of recorded science; and the consequence 
has been that several very costly wells have been undertaken, 
carried on at great expense, and subsequently abandoned iu 
despair, perhaps just at the moment when success was within 


rasp. 
: One of the earliest of the attempts made in England at sinking 
ap artesian well to the lower green sand, was the one made, 
almost unintentionally, by the town of Southampton. It was 
commenced by a preliminary boring through the London clay 
to the chalk, which was reached at a depth of 480 feet from the 
surface, the upper strata traversed consisting of the sands, clays, 
and plastic mottled clays of the Hampshire tertiary series. It 
seems that the well-borer employed carried the boring to a depth 
of 50 feet beyond the surface of the chalk already mentioned, and 
he then reported thatan ample supply of water was to be obtained 
from that formation. A shaft was sunk on faith of this report, 
commencing with a cast-iron lining of 13 feet diameter, which 
it was proposed to carry to a depth of 160 feet, and then to 
commence boring with a hole of 30 inches diameter, diminishing 
gradually to 20 inches in the chalk. The cylinders used were, 
owever, found to be too weak for the purpose they were 
intended to fulfil; they collapsed in places, and, in driving, 
they assumed a direction seriously out of the perpendicular. 
The contractor failed when the cylinders had been thus badly 
lowered to the depth of about 60 feet, and the works were then 
taken out of his hands, and placed in those of Mr. Docwra, one 
of the anost able well-sinkers and waterworks contractors of 
our country and of our day. With great trouble he drove the 
shaft completely down to the chalk, fiuishing it with a clear 
external diameter of 9 ft. 4 in. ; part of it was lined with cast- 
iron plates, and part of it with brickwork in cement. The brick- 
work lining was carried three feet into the chalk, and below it 
the shaft was continued to the total depth of 5624 feet from the 
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surface, in the solid chalk, without any lining, and with a clear 
diameter of about 7 feet; a boring was then commenced of 7$ 
inches diameter, and was carried down eventually to a total 
depth of 1317 feet from the surface. The chalk formation was 
found here to have a thickness of 851 feet, and the works were 
suspended when the boring had traversed only 12 feet of the 
chalk marl. Now at Chichester, where Mr. Gatehouse had also 
sunk a deep well to the upper green sand about the same period, 
the thickness of the chalk marl was found to be 61 feet; the upper 
green sand and gault are of variable thicknesses, but the greatest 
depth recorded for them was that of the new well at Passy, where 
they were about 274 feet deep. It is, therefore, very probable, 
that if the Southampton well had been carried down 330 feet 
further, or toa total depth of 1650 feet in round numbers, the 
problem as to the possibility of finding water from the lower 
green sand, in the Hampshire basin, might have been solved. 
In the well at Chichester this solution could be even more easily 
attained, for the boring had actually been carried about 180 
feet nearer to the probable surface of the lower green sand, 
leaving only 200 feet atill to be traversed. 

It would be impossible to record all the important works under- 
taken of late years for obtaining water by means of artesian wells, 
but the circumstances connected with the history of those at- 
tempted at Calais, Kentish Town, and Harwich, are so singular, 
that it behoves us to dwell upon them. At Calais the well was 
sunk through the chalk, and the whole series of the subcretaceous 
strata, to a total depth of 1047 feet from the surface, but no water 
was obtained from it, and the boring passed, at the depth above- 
named, into the transition rocks, in which it was carried for a 
further depth of 103 feet. At Kentish Town, the Hampstead 
Water Works Company endeavoured to secure an artesian sup- 
ply, in order to comply with the provisions of the Metropolis 
Water Works Act of 1851. They had very wisely consulted Mr. 
Prestwich upon the geological questions involved in the prelimi- 
nary inquiries, and they employed Messrs. Degoussé and Laurent, 
the best known and most successful well-borers up to that period, 
on the Continent. Geologists and practical men alike in this in- 
stance reasoned that, because the lower green sand outcropped 
around the edges of the chalk basin containing the Paris tertiaries, 
therefore, there was every à priori reason to believe that the sub- 
cretaceous formations would continue under London, and furnish, 


as had been the case at Paris, the water for a well carried down to | 


them. Acting upon this belief, the company commenced boring in 
the chalk, at the bottom of a shaft previously sunk to the depth of 
539 feet from the surface. The boring was commenced with a 
diameter of 12 inches, reduced to 10 inches in the intermediate 
part, and finishing with adiameter of 8 inches. The work began 
on the 10th of June, 1853, and was carried on with every appear- 
ance of success for a considerable time. The strata traversed were 
found to occur in their regular order, and of the anticipated thick- 
nesses, until the boring had traversed the gault formation at the 
depth of 1113 ft. 6 in. from the surface; but when, as Mr. Prest- 
wich said, everybody believed that “a very few more turns of 
the auger would tap the water-bearing sands of the lower green 
sand formation,” it was found that the borings passed at once into 
a series of beds consisting of alternate layers of red sandstones, 
red clays, conglomerates, red sands, and rounded pebbles, which 
geologists are now disposed to class amongst the new red sand- 
stone series. It is very difficult to form any decided opinion as 
to tlie real nature of a deposit which has only been explored by 
the boring tool, especially when the diameter of the bore was 
only eight inches, as at Kentish Town; and I confess that for my 
own part, as J said before in this room, and shall have occasion 
again to repeat, I am disposed to regard the beds of red clays 
and sandstones rather as being members of the Wealden series 
than ofthe new red sandstone. Butin either case it was evident 
that the water-bearing strata were interrupted under London, 
and that there was no probability of obtaining a supply of any 
description from them in that district. In fact, the Hampstead 
Water Works Company, after the failure of this attempt, were 
compelled to sell their interests to the New River Company, and 
the well was stopped at the depth above quoted, added to the 
depth traversed in red sandstones and clays, or ata total depth 
from the surface of 1302 feet. 

About the same time that this unexpected result was obtained 
at Kentish Town, Mr. P. Bruff, C.E., was employed upon an 
attempt to obtain water forthe town of Harwich, either by 
a deep well in the chalk, or by traversing, if necessary, the strata 
below the chalk. Several attempts appear to have been previously 
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made at Harwich to obtain a supply from the chalk, but they 
had failed, in consequence of the infiltration of salt water into 
the wells sunk close to the sea shore. Mr. Lankaster Webb, of 
Stowmarket, a town situated upon the high lands of the valley of 
the Gipping, the main affluent of the Orwell, had executed a well 
895 feet deep, through the drift clays and gravels over the chalk, 
the cretaceous formations, and the upper green sands and gault. 
T do not know the level of the ground at Mr. Webb’s factory, 
but as a rough guess I should say that it was about 240 feet above 
the high tide level at Harwich; and I am not, therefore, surprised 
that the persons connected with the well at the latter town should 
have expected, that upon traversing the chalk they would meet 
with a supply of water under the true artesian conditions. It 
happened, however, that after the Harwich boring had 
through the drift, the tertiary strata, the chalk, the upper 
green sand, and the gault, to the depth of 10254 feet from the 
surface, it passed, not into the lower green sand, but into a 
black slaty rock, which Mr. Prestwich pronounced to be a com- 
mon grey slate of the palseozoic series, whose precise position in 
the series could, however, hardly be defined, on account of the 
Absence of fossils. Thus at Calais, and I believe also at Ostend, 
the lower green sand is wanting, and is replaced by a member of 
the carboniferous series; at Kentish Town the lower green sand 
is absent, and it is replaced perhaps by the new red sandstone 
beds, whilst at Harwich the lower green sand is replaced by the 
very earliest clay slate rocks. 

Now there may be drawn, from these unerpected results of the 
deep borings in the tertiaries of what may be specially named the 
London basin, some valuable scientitic and practical conclusions, 
These may be briefly stated as follows:—1st. That at present, 
geology is only so far advanced as to enable us to state, with 
tolerable certainty, what we shall not find under the surface, but 
by no means to justify any positive assertion as to what we shall 
find: thus, knowing that the London clay is on the surface, we 
may be certain that the crag will not be found beneath it, but it 
by no means follows that necessarily the chalk, the lower green 
sands, the oolites, or the usually subordinate strata, should be 
there. 2nd. That the first attempt to sink an artesian well 
through a previously untried stratum, is at all times a hazar- 
dous experiment, and that it is, therefore, one which should never 
be tried by those who only work with the money raised by forced 
taxation. It was upon the latter ground that Mr. Ranger very 
properly recommended the tuwn of Southampton to stop the 
philosophical experiment upon which they had already incurred 
80 large an outlay; and it is certainly wiser to leave the solution 
of these problems to municipalities posessed of private resources, 
or to private enterprise, than to expend upon them the money 
wrung from the ratepayers. 3rd. And possibly this may be the 
most important couclusion of all—it would appear to be proved 
by the occurrence of the earlier strata in the geological series at 
Calais, Kentish Town, Harwich, and, if I be not mistaken, at Os- 
tend also, that Mr. Goodwin Austin’s theory of an upheaval of the 
carboniferous series existing between its extremity on the French 
coast, and its reappearance in the Bristol and the South Wales 
coal field, is correct. _A full discussion of this important inquiry 
would be misplaced in this paper, but I caunot refrain froin re- 
peating what I myself have said before, viz., that from all which 
is at present known, it would be move rational to seek for coal 
under London, than for soft water. At the same time, I would 
guarjemyself against any appearance of encouraging an attempt 
of tlie former description, unless it were distinctly undertaken as 
a speculation, with great, nay, almost infallible chances of loss. 

The next important artesian borings executed of late years in 
chronological order, were those undertaken under the superinten- 
dence of tlie French military authorities in the Desert of Sabara, 
avowedly for the purpose of forming stations for the caravans 
trading between Algeria and Central Africa, They were exe- 
cuted by means of tools made by Messrs. Degousse and Laurent, 
who seem also to have occasionally acted as consulting engineers, 
but the works were actually performed by the soldiers, or the 
labourers employed by the “Corps du Genie Militaire" It 
appears that up to the month of June 1860, no less than 50 of 
these wells have been sunk in the desert, and that they pou upon 
its thirsty surface no less than 7,920,000 gallons of water pip day. 
Similar works were, according to Aime Bey, executed ij the 
deserts of Ancient Egypt, as was before alluded to, aud the)» are 
good reasons for believing that the system of artesian bclugs 
might advantageously be applied in the deserts of north-wgtern 
India, and of Australia. d 
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Some interesting artesian wells and borings have also been 
executed in various parte of England and of the continent, toa 
few of which I propose to return hereafter, but in the meantime 
I pass to the description of the great work lately completed at 
Passy, as being the one which has attracted the most universal 
attention. When the great works of the Bois de Boulogne were 
commenced, it was soon discovered that the pumpa of Chaillot 
would not be able to furnish the quantity of water required for 
the lakes and waterfalls of the new park; and the municipal 
council of Paris, encouraged no doubt by the commercial results 
of the previous operation at Grenelle (which had eventually cost 
the sum of £14,000, and repaid its cost several times over), re- 
solved to execute a second boring to the lower green sand, in order 
to secure an independent supply. It was originally proposed to 
execute this well of the same dimensions as that at Grenelle, that 
js to say, to finish with an eight inch bore; but before it was 
commenced, M. Kind, a German engineer (who had slready 
carried ont some very important works upon a system, and by 
the aid of tools patented by himself) offered to contract for the 
new well, to finish with a bore of 2 ft. in diameter, and to deliver 
the water at 92 ft. above the level of the ground, at the rate of 
nearly 3 million gallons per day. He undertook to complete the 
work for thesum of £14,000 within the space of two years. 
After some opposition, based principally on the doubts expressed 
by engineers who had been consulted on the subject, with respect 
to the increased delivery over that of the well of Grenelle, this 
offer of M. Kind’s was accepted, and on the 23rd December, 1854, 
the vote of the municipal council in favour of the contract with 
him was passed. The work was commenced shortly afterwards, 
and by the 31st of May, 1857, the boring had already reached the 
depth of 1732 feet from the surface, when suddenly the upper 
portion of the tube lining collapsed, at a distance of abont 100 
feet from the surface, and choked up the bore hole. This acci- 
dent delayed the completion of the work for three years, and led 
to the rescinding of the contract with M. Kind; but the engineers 
ofthe city of Paris were so satisfied with his zeal and ability, that 
they intrusted to him the conduct of the remaining works A 
new well was sunk to a depth of 175 ft. 4 in., and the boring was 
then cleaned ont and resumed. Much trouble was encountered 
in traversing the strata below the distance of 1732 feet above 
quoted, and at length, at the distance of about 1894 feet from 
the surface, the first water-bearing stratum was met with, 
but the water, after several oscillations did not rise to the level of 
the ground. The boring was continued below this level, uutil, 
on the 24th Septen ber, 1861, at midday, at the depth of 1923 ft. 
8in, the true artesian spring was tapped. When this spring 
rose to the surface it discharged at the rate of 5,582,000 gallons 
perday. The yield has since then oscillated, but so long as the 
column had not been raised above the level of the ground, the 
total quantity does not seem to have fallen short of 4,465,600 gal- 
lons. The well of Grenelle, (which by the way had been falliug 
off in ite yield for some time before the completion of the Passy 
boring, no doubt on account of some obstruction in its ascensional 
tube, but which for several days before the 24th September dis- 
charged regularly 200,000 gallons per day), fell in about 30 hours 
after the Passy spring had been tapped, to a yield of about 173,000 
gallons, at which rate it remained stationary, until the tube of 
the Passy boring was raised so as to allow the water to stand at 
the same height in the two wells, when the original rate of de- 
livery of the Grenelle well was resumed, but the rate of delivery 
of the Passy well fell to 2,000,000 gallons per day. It is iutended 
eventually to cause the column of water of Passy to rise to & 
ip of 1277 feet above the bottom of the boring, or about 
54 feet above the surface of the ground. The horizontal distance 
of the Passy well from the one at Grenelle is about 3830 yards 
yards; and it will be observed that the water-bearing stratum is 
nearly 100 feet nearer the menn level of the sea at Greuelle than 
it ia at Passy, whilst the surface of the ground is about 35 feet 
tuer at the latter locality than it is at the former one. 

nquestionably the effect produced upon the reapective sources 

of supply, by the alteration in the heights of the columns of 
water, proves that the wells of Passy and of Grenelleare fed from 
thesame stratum; and there can be no reason, therefore, to sup- 
pose shat when the Passy spring shall have cleared its water 
passages there should be any difference in the qualities of the 
Waters ut the two places. M. Peligot has carefully analysed the 
Grenelle waters, and he found that they contained 0000142 of 
saline matters, composed principally of the carbonates of potash, 
me, and magnesia, associated with a compound of sulphur and 
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of soda of variable proportions and conditions, and with the car- 
bonate of the protoxide of iron and silica. The salts of the aul- 
phate of lime, or of the more permanently insoluble description, 
are absent, and it would appear that the gases diffused through 
the water are of considerable volume, the carbonic acid gas bein, 
one of the most so. There is a sensible evolution of sulphuret 
hydrogen from both the wells of Passy and of Grenelle, and it is 
worthy of remark that the same gaa is given off from the water 
in Mr. Gatehouse’s well at Chichester, though in the latter 
instance the smell is sufficiently strong to render the water posi- 
tively repulsive. At the present day the water at Paesy is still 
foul, on account of the matters it brings up in suspension; bat as 
in the case of the Grenelle well, this inconvenience will no doubt 
soon disappear. The temperature at which it reachea the surface 
is identical in the two wells, and is about 82° Fahrenheit. 

(To be concluded in our next.) 
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LECTURES ON ARCHITECTURE AT THE ROYAL 
ACADEMY. 

By Svpxzy Saurge, RA. 


Lecture I. 
(Continued from page 56.) 

Statues fringing the sky line, I said, should I think be subdued 
in attitude and treatment. Such however, as I have remarked, 
was moat certainly not the opinion or the practice of the sculptors 
of the seventeenth century. Michelangelo had in the palmy days 
of art made his Moses look like no common piece of humanity, but 
rather like a sculptured fragment cf rock, in solemn repose, and 
instinct with supernatural diguity; whilst the patriarch, when 
treated in the naturalesque school of the degenerate period I now 
refer to, never failed to be represented as a remarkably active, 
impetuous old man, admirable chiefly for the violent development 
of the muscles, throwing himself into very unseemly attitudes, 
and striking the rock with his rod more like an excavator than a 
patriarch. Such, also, is the general character of their architec- 
tural sculpture. 

The apostles and fathers of the church were men upon whom we 
should be taught to look with revereuce by the quiet dignity of 
their mien, and by that deep and intellectual abstraction which is 
best represeuted by a steady composure of manner and general 
absence of energetic action. But where are we to seek for such 
examples of architectural sculpture from the chisels of the emi- 
nent masters of the fantastic schools of this period? On the 
contrary, the holy fathers are made to look like posture-masters 
performing for the public diversion, and are seen on their pede- 
stals, throwing their limbs about and ruffling their drapery in a 
way utterly subversive of that personal dignity which, as I have 
remarked, seems to appertain to their character. 

It is not to be wondered at that when taste in sculpture had 
reached this bathos, our own art should have been dragged down 
with it to the same level. Indeed, there is, I think, good reason 
to ne that far too intimate a union had unbappily sub- 
sisted between those sister arts. 

So long as a fine taste and a high esthetic feeling prevailed, no 
danger came nor could come from the cultivation of both these arts 
by one mind; indeed, it was the glory of our art to be intimately 
allied to the sister arts. But when that truth of feeling and 
nicety of judgment had passed away which taught those who 
practised both arts to discriminate well between the special re- 
quirements of each, a fusion was the result, mischievous to both, 
but which was more particularly injurious to our art; fora sculp- 
turesque treatment of architecture is likely to lead to far graver 
errors than an architectural treatment of sculpture. The latter 
may be liable to become cold, rigid, formal, and even unnatural; 
but the former is sure to become, as indeed it did become, insuf- 
ferably lax and vicious, violating all the proprieties of our staid 
and sober art—an art which can never indulge in caprices without 
great risk to character and certain loss of dignity. 

To say the truth, without however meaning the slightest dis- 
paragement of the sister art, I would express my belief that most 
of the errors of architecture in its decadence may be traced to the 
injurious influence that sculpture exercised over our art. The 
habit of iie tee mind would naturally lead him to exercise his 
inventive faculties in designing and modelling, out of the plastic 
material with which he is most familiar, forms and combinations 
of forms that would produce picturesque groups, and an ornamen- 
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tal or at least pleasing arrangement of lines, and of chiaroscuro; 
and, when he comes to execute his conceptions in stone or marble 
he would of course seek to construct his work, if not out of a 
single block, at all eventa in as few as possible; because joints, and 
especially bed-joints, he is of course always anxious to avoid or 
couceal. All the proprieties therefore of masonio construction, the 
sound bonding together and truthful bedding of stones, the'avoid- 
ance of false bearings, and all such-like considerations, are entirely 
foreign to his art, and are in fact subjects which never, or rarely, 
demand his study, nor even need his attention, as a sculptor. 
Hence it is, probably, that we find that the sculptor of the seven- 
teenth century, when he produced works of architecture, was very 
prone to treat his buildings, however large, rather like magnified 
copies of small sculptural models, than as purely architectural 
works, that is to say, works built up on tlie true principles, and 
according to the known rules, of good architectural construction. 

When we call to mind the practice so prevalent and so popular, 
at the period of which I treat, of erecting in churches huge archi- 
tectural pageants of a most ostentatious character, but of very 
slight and temporary materials and construction, as chapelles ar- 
dentes and catafalcos, when the funeral obsequies of some high 
ecclesiastical or political dignitary were performed, it seems not 
unlikely that this prevalent fashion, on which, as it is well known, 
artists of highest eminence were often engaged, conduced to, or at 
least accelerated, that degraded character of architecture which 
we so much deplore, and which go injuriously influenced our art 
in subsequent times. 

Those vast architecturalshams, the catafalcos, were put together 
by the flimsiest contrivances: there was, of course, a lavish super- 
fluity of statuary; for it was of mere lath and plaster, and the 
drapery was often—lI believe usually—real linen steeped in glue 
and whiting, to give it a fictitious rigidity and something of the 
superficial aspect of stonework. 

y such-like artifices it became easy to “ body forth” for a day's 
ceremony some “ baseless fabric of a vision,” highly picturesque 
and imposing perhaps; indeed, when treated by men of genius 
and ability, very striking and eveu magnificent; for na I have said, 
men of the highest rank in art were not in those days averse to 
lend themselves to these ephemeral productions. 

In presenting such unreal mockeries to the view, masonic pro- 

rieties were neither required nor regarded. The boldest and 
east fastidious practitioners would probably indulge and amuse 
their fancies in realising the semblauce of impossible structures; 
and asit was just as easy and inexpensive out of the lath and 
plaster or clay and stucco in which they worked to present to 
the devout and admiring congregation a galaxy of clouds and 
glories, and to group together all the cardinal virtnes and the 
whole hierarchy of saints, as it was to exhibit the most gorgeous 
domes and the richest colonnades, it is not to be wondered at 
that the productions of the two arts got irretrievably inter- 
mingled and confounded, as well as corrupted. 

That such a practice or fashion, prevailing among a people of 
strong ssthetic feeling, but of lax principles of taste—and such 
were the Italian people of the seventeenth century—should lead to 
a similar style of desi ing in works of a more permanent charac- 
ter, seems natural and almost inevitable. 

First, in interior architectural design we should expect to find, 
what in truth we do find, that altar-pieces, baldachinos, and monu- 
mente, became strange medleys of the two arts, although worked 
out, perhaps, in real marble and brass; and then the vicious teu- 
dency would necessarily spread itself to exterior architecture. 

I think that it may be said with strict truth, that exactly in 
proportion as this sculpturesque spirit pervaded architecture, eo 
that art became deteriorated. It has been truly said by a high 
authority from this place, that painting and sculpture each excite 
our admiration the most when their special characters are kept 
most clearly defined, and when each art limits itself to the doing 
that which it is by its nature best qualified to do, Sculpture can 
very imperfectly represent distance; and should, therefore, avoid 
as much as possible attempting backgrounds. Painting, on the 
other hand, is peculiarly competent to produce such effects, by its 
power to represent space and distance; and therefore the painter 
who places all his figures on the same plane does not avail himself 
fully of the capabilities of his art. So also the painter abandons 
one of his highest privileges when he neglects to use colour; 
whilst the seulptor who uses colour (unless he does so with infi- 
nite caution, and exercises great moderation and abstinence) runs 
serious risk of turning his statues into dolls. 

Our own art is amenable to the same law. It is always most 
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triumphant when it attempts to do that only which it is its special 

vince todo. Thus then, to apply our remarks to the subject 
in hand, I should say with great confidence that the architect who 
so designs his building as to render it doubtful whether sculpture 
may not legitimately iy claim to the work as ita own, is a traitor 
to his art, and despoils it of ita birthright. 

Many instances of such self-debasement present themselves 
among the works of the degenerate days of which I treat. It 
seems an ignoble task to hunt up for criticism and condemnation 
such examples of the abuse of genius; but such is the task I have 
imposed upon myself, Italy well earned the honour of having 
been the garden in the eoil of which were nurtured all the most 
beautiful productions of modern art; but it was unfortunately in 
that same too fertile soil that with greatest exuberance sprung up 
those wild extravagances which ultimately brought so great dis- 
credit on the arta, and on none more so—perhaps on none so much 
—as on architecture. 

I believe that it is to that fatal facility which characterised 
the practice of all the three arts at this period that we must 
mainly attribute their common decline. Wholly wanting in the 
thou; Tefalness and deep feeling of Raffaelle, and of some who pre- 
ceded, as well as of some who immediately followed him, the 
painters sought for the most part gorgeous and showy etfects, 
at the expeuse of all the higher qualities of their art: so, as I have 
already remarked, the sculptors of this declining age designed 
impetuously and executed dexterously, but the sentiment of their 
art had evaporated, and ita greatness had gone; and so, to return 
to our own art, the architects of the happier and earlier period 
were enthusiastic without wild extravagance, refined without 
pedantry, and always knowing well when to refrain from and 
when to indulge in the graces of decoration: none knew more 
thoroughly than the latter more advanced quatro-centists how 
and when to givea zest to their work by the most charming orna- 
mentation; whilst none appear to have known better than they 
the value of breadth, simplicity, and even of perfect plainness, 
when their good taste and judgment prompted an abstinence from 
ornamentation. But I haveon former occasions dwelt sufficiently 
on the merits of the masters of that great period, and have alread 
endeavoured to urge on you the careful study of their works. 
name them now, that you may feel more sensibly the contrast 
poe by the architecture of the degenerate age which fol- 

owed. It ismy aim to deter you from the evil examples set us 

by the licentious throng of the seventeenth century, by holding 
up their errors for your reprobation and rejection. Through the 
ignorance of some, the contumely of others, and the loose habit 
of speaking common enough to most of us, the term “ Italian 
architecture” is apt to beapplied to buildings of the most diverse 
and opposite character. It is an instance of the same laxity of 
speech by which styles of the utmost Me iet from the simple, 
austere, and honest architecture of the early Rhenish buildings, 
down to the florid extravagances of Adam , have all been 
indiecriminately classed under the one e, uomeaning, and . 
inappropriate term “Gothic.” It is through the same thought- 
less and perhaps ignorant way in which the general term 
* Italian” architecture has been customarily applied, that gross 
injustice has been done to works of the highest quality. 

The vague and superficial knowledge, both of some of those 
who have written and of those who have spoken on our art, has 
too often led them to place under the same category the beautiful 
works of Bramante, faelle, and Giulio Romano with the truly 
barbarous architecture of Borromini, Fischers, and too many 
others. The Italians were, as I have already said, tlemeelves 
the first corrupters of the Italian style; and among those corrup- 
ters Borromini stands out in strong relief, as a prominent delin- 
quent; for, as he was one of the moat reckless practitiorgrs, snd 
one of the most sinful contaminators of style, ao was ha one of 
the most active and prosperous. Prosperous he truly was; for, 
with that fatal facility on which I have been tag over Wa 

ya 
numerous and conspicuous progeny of ugliness.  ProsWons, 
however, he was unt to the end. By a kind of poetical jWtice 
which does not always attend upon the guilt of offending arsta, 
he died miserably, the victim of jealousy and envy. Beard 
Fischers was another instance whom T have adduced as ghe of 
the false lights of this vicious period. Vienna, to this My, 5 
in its public buildings especially, distinguished by the [gad taste 
of Fischers; and I know no city so sadly disfigured by tle school 
to which he belonged. 

Milizia is a cantankerous critic, it is true; but he fs perhaps 
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justified when he condemns Fischers’ triumphal arch at Vienna 
as “un capo d'opera di stravaganza.” The wildest disciple of 
Borromini, he says, could not have invented a more capricious 
and irrational design. 

I revert now to the question, What was the cause of this 
great and general degradation of art in Italy? It may be that 
the political and social condition of that country had for some 
time been degenerating; whilst other more northern countries 
were rising into wealth, and advancing in the political scale of 
Europe. Yet it cannot be said that political preponderance will 
always be found on the same side of the balance as testhetic ex- 
cellence. We might readily point, in the history of Europe, to 
notable inatances of the contrary. For example, I am aware of 
no wonderful development of artistic taste having accompanied 
the brilliant epoch of Frederick the Great, or the extraordinary 
politica] ascendancy of Charles V. Going back to an earlier 
period, we shall find that in Mediæval times, when the social and 

litical condition of Europe was very dark; and when, in the 
es of an old contemporary chronicler, “ nobles and bishops 
built castles, and filled them with devilish and wicked men, and 
oppressed the people ;” at that very period, foul as it certainly 
was with most of the vices which disgrace Christianity, a school 
of art existed which has been advantageously compared by many 
with that. of the Greeks. 

It is clear, therefore, that there are more subtile influences, 
which will, at least sometimes, operate favourably for the develop- 
mentof art, besides the accumulation of mere material wealth 
ànd political power. , 

Neither will peace alone, of necessity, bring sesthetic excel- 
lence among other blessings in its train, as we are very apt to aay, 
and very willing to believe, when we would paint the horrors of 
war. The Greek states, for example, brought the fine arts to a 
climax of excellence never since fully attained, although they 
were for ever engaged either in warring on each other, or in pre- 

ing and defending themselves against extermination from 

barian hordes. So the Italian states, among whom art received 
its second birth, were constantly plunged in internecine wars. 
How often were the great masters of our art called away to super- 
intend the erection of gloomy fortifications, and ponderous, un- 
seemly, loop-holed w: for the protection of those very cities 
which they were engaged in beautifying! How often were great 
and glorious works of art arrested in mid progress by the incur- 
sions of neighbouring rivale, or by the threatened devastations 
of foreign hosts, or by the exhaustion of the public purse conse- 
quent on these deadly strifes ! 

These instances, which might be greatly multiplied, are suffi- 
cient to show that a stormy political atmosphere is by no means 
of necessity inconsistent with the existence of a highly excited 
state of artistic ardour. 

I would not, however, for a moment be supposed to pledge 
myself to the paradox that war is favourable to the cultivation of 
ar. Very far, indeed, from that is the fact. All that I would 
wish you to iufer from the remarks which I have just been 
making is that the arts have been found to prosper notwithstand- 
ing war. But there is one condition which I believe to be clearly 
and positively essential to the permanent well-being of the arts, 
and that is public prosperity. I suppose it to be impossible to 
cite an instance of the general decay of the material interests of a 
country not being accompanied by a corresponding dégradation of 
the fine arta in that country; whilst, on the other hand, the sound 
social prosperity of a people will generally be found to be accom- 
panied by an elevation of their standard of taste, as well as by a 
widely spread appreciation of the fine arts. 

The proudest works of Mediæval France date about the period 
when St. Louis, by his wise government, raised the character anu 
consolidated the strength of his country. In England, the rule of 
Edward III. marks the periods of the highest point of excellence 
to which Medieval art reached in our country; and precisely 
that warlike and heroic period was the most brilliant in the 
political annals of our middle ages. 

I need not do more than point to the age of the Medici, in Flo- 
rence, as the period most embellished by the fine arts, and as the 
Period when the Italian Peninsula stood foremost as the most 
politically eminent among all civilised nations; and we have 

y seen, from the retrospect I have been taking of the archi- 
tecture of the Italian Renaissance, that the debasement of the 
three sister arta was simultaneously with the decay of Italian politi- 
cal greatness, It ie not for me to attempt to explain these coinci- 
denes It needa a larger and far clearer view of the philosophy of 
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history than that to which I can pretend before I can presume to 
lay open the causes of these phenomena, the existence of which is 
I can venture to assert. 

Perhaps, too, the inquiry into those causes would hardly pro- 
fit us here, for it belongs rather to the domain of the political 
economist than to that of the artist. No doubt every ingenious 
mind must feel an interest in these general views, but they can 
scarcely be expected to bear us much fruit, nor to afford us prac- 
tical rules of conduct in our search after sesthetic excellence, a 
search which should ever be uppermost in the artist's mind, be 
he student or professor. To trace the progress—not the occult 
causes—of decay in our art has been my chief object in the few 
desultory remarks which I have this evening addressed to you. 
It is but a sorry theme; and I may be blamed, perchance, by 
some, for having lingered so long among these ruins of a fine art, 
and for having sauntered so long upon the banks of that stream 
of polluted art which deposited its slime over so wide a portion of 
Europe, and during so lung a period; whilst I might, with so 
much more pleasurable a feeling, have been leading you on to 
admire beauty amidst the charmsof a happier age. But it is my 
conviction that much benefit is to be derived from the bold and 
unhesitating denunciation of whatever we must recognise as faulty. 
There are sermons in stones, whether they be fashioned by the 
hand of a master, or rudely hewn by the chisel and mallet of a 
*prentice hand. The diagnosis of disease is in truth best studied, 
not in the healthy, but in the disordered subject. I have laid bare 
before you some sad cases of such disordered subjects this evening. 
It was, as you well know, the Spartan philosophy to deter the 
youthful mind from vice by exhibiting openly to the public gaze 
the uuhappy and repulsive results of vice. 

All that I ask of you is that you will note and heedfully observe 
these errors of our art, even whilst you pass them contumeliously 
by; and that you will study them well, for the mere purpose of 
propounding them as objects which neither love of novelty, nor 
the attractions of singular ingenuity or of great technical skill, 
should ever tempt you to imitate or to repeat. 


Lecture II. 

Dr. Moonz tells us somewhere, of his having met on his conti- 
nental travels with a Scotch tourist, who was delighted with the 
mountain scenery of Italy, and was expressing his admiration of 
one of the sub-Alpine lakes, when he was rebuked by the doctor, 
who assured him that there were some scenes of similar character 
in Scotland of not inferior beauty and sublimity; and specified 
one as particularly worthy of his admiration, which turned out to 
be part of the Scotch laird’s own paternal estate. He had in fact, 
been born in the midst of natural beauties, so familiar, or 8o lightly 
regarded by him, that they had escaped his recollection, or, per- 
haps, even his notice. A similar indifference is apt to be felt by 
us towards all objects that are too easily accessible. In such cares 
familiarity breeds contempt, whilst we are wont to show and feel 
unusual zeal and animation when the object of our research is re- 
oe or accompanied in its attainment by the stimulus of diffi- - 
culty. 

Thus it is that we live surrounded by stores of knowledge of 
which we rarely avail ourselves; museums which we seldom visit 
and libraries which we never consult. Many such neglected 
mines of knowledge exist in London: many a rich vein is daily 
trodden as it were under our very feet, without tempting us to 
extract from it the treasure it contains. 

I purpose on this occasion to invite your attention to one of the 
greatest of these depositories of intellectual wealth,—the Library 
of the British Museum. 

Without attempting to bring before you even the shortest or most 
meagre enumeration of all the objecta of interest to the architec- 
tural student which that vast repository may contain (such an 
enumeration would, indeed, be as much beyond my powers as it 
would certainly be beyond the narrow limits of a lecture)— 
without attempting any such task, I propose now to indicate to 
you a few of the more striking specimens of the literary and artis- 
tic wealth which are in su great abundance in the library of the 
British Museum at our disposal; accompanying them with such 
remarks as may be naturally suggested by the consideration of the 
objects themselves, as I enumerate them, I do not design here to 
touch upon the antiquities at the British Museum: a critical ex- 
amination of these, or even a correct appreciation of them, would 
be beside my purposes as well as beyond my power. To enter 
that department would assuredly lead us into antiquarian disqui- 
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sitions, which I am anxious to avoid, as being foreign to my duties 
within these walls. 

The first book I shall advert to is a very large folio volume, 
descriptive of the great Flavian Amphitheatre in Rome; and ap- 
pears to have been the result of long and careful examinations, 
made chiefly during the excavations by the French whilst in mili- 
tary occupation of Rome in 1811, 1812, and 1813. The author 
was a French architect, Mons. Paris, who had long been a resident 
in that city, having quitted his native country at the outbreak of 
the t Revolution. He seems to have been a painstaking and 
intelligent observer; and the delicately executed drawings of 
which this volume consists, with the minute notes explanatory of 
them, bear testimony to his great carefulness as an architectural 
draughtsman. He appears to have quitted the practice of his 
profession as an architect early, and to have been engaged for some 

ears in the decorations of the royal theatres and of the opera, at 
Paris During his subsequent exile in Italy those studies were 
made, one of the fruits of which was the magnificent volume I 
have alluded to. i 

Probably there never was executed so complete a monogram of 
any one building. The only subject of regret is that the drawings 
generally do not distinguish so clearly as one would wish between 
those parts which are the representations of the actually survivin, 
portions of the building and those which are the oonjectura 
restorations of the ingenious antiquary himself. Some of the 
drawings, however, are not open to this criticism, but are beauti- 
and fully executed delineations of the edifice in its revived state; 
I can Wiley affirm that all the drawings bear very strong marks of 
having been the work of a painstaking and scrupulous artist. 
The work was intended and fully prepared for publication: it his 
remained however in MS., and ultimately became by purchase 
the property of the trustees of the British Museum in 1847. 

In many respects the Colosseum at Rome is one of the most 
remarkable buildings of antiquity. It has all the attributes of 
grandeur. In its actual dimensions I believe it to be the largest 
single building ever erected; unless we except the Pyramids of 
Egypt, which are, perhaps, hardly to be classed as works of regular 
E Natur: Its simplicity of character and unity of design are 
sources of grandeur, There is a breadth of manner, and a noble 
abstinence from trivial ornamentation in its external architecture, 
which greatly elevate the character of the building. There is a 
majesty, even, in its stupendousstrength. It stands a monument 
of consummate constructive talent; & talent not parading itaelf, 
like a Medis val cathedral, by the perpetual manifestation of great 
efforts, —lateral thrusts and counterbalancing weights, huge pic- 
aper on masses of masonry piled up solely to resist the tendency 
to self-destruction constantly operating on the structure. This 
immense building, on the contrary, stands, and has stood for 
eighteen centuries, not by any straining exertion, but simply 
because all the laws of static science have been scrupulously 
regarded. I am justified in saying that it has stood for eighteen 
centuries; because, notwithstanding the concussions of earth- 
quakes and tempests, and the eroaive agency of natural causes, it 
still stands, with few marks of substantial injury, except those 
which it has received from the destructive hands of man. 

It has been for ages the quarry whence ready-worked stones 
have been continually abstracted, and whole palaces have been 
the result of such spoliation. ‘Yet it survives, next after the 
Pyramida, the greatest architectural monument in the world— 


“ A ruin, yet what a ruin! From its mass 
Walls, palaces, half cities have been reared; 


Yet oft the enormous akeleton fM 
And marvel where the spoil d have appeared.” 

I must not dwell on the structural merits of the building; but 
I cannot refrain from expressing my persuasion that the very 
ablest practical mason of the present day rh Sa study with great 
profit the jointing, bonding, and bedding of this mass of masonry, 
while the brickwork is equally admirable;—the dexterous eco- 
nomy of labour by which rubble-work, consisting of broken frag- 
ments of stone embedded in Pozzolana cement, is strengthened 
by an artful introduction of bonding courses of brick: these 
bricks being often of very considerable size, and always of exces- 
sive hardness, All this union of economy of labour with the 
utmost strength is indeed well calculated to excite the admira- 
tion of every practical eye; yet this wise economy of labour and 
materials, which is apparent throughout, was never allowed to 
interfere with that stability of workmanship which was evidently 
a mount consideration with the builders. The three-quarter 
eoluis, for example, of which there are on the exterior so great 
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a multitude, are not built aa insulated blocks of stone applied to 
the surface of the wall for the mere sake of ornament, but are built 
in and bonded with the general masonry of the walls; contribo- 
ting therefore to their strength quite as much aa to their embel 
lishment; in fact, the very reverse of what waa very common! 
the case with the slender shafts of Mediæval architecture, which 
were often inserted to give lightness and richness of effect to the 
pier against which they stand; serving, it ie true, to convey to the 
mind's eye the idea of support to the corresponding members of 
the archivolts, and oontinue down their lines, but not practically 
forming any real integral part of the pier or jamb against which 
they stand. That this was, at all events, often the case, is 
obvious from the fact that there are few Mediæval buildings that 
have not been more or less deprived, either by natural decay or 
by violence, of their slender nook-shafts; the areh moulding 
which was made apparently to rest on them remaining neverthe- 
less perfectly unaffected by the removal of them. 

It must be remembered that in their working the column as 
an integral part of the wall behind it, as is, I believe, invariably 
done at the Colosseum, a considerable amount of extra labour 
and some loes of material were incurred by thus sinking the cir 
cular shaft out of the solid block,— a labour and waste, however, 
which appear never to have been heeded when the perfect 
stability of the work was in qun. These columns, thus oor- 
structed, act strictly and effectively as buttresses, giving great 
lateral support, while they so largely contribute to the ornamen- 
tation of the structure. 

In like manner we see the vast blocks of stone forming the en- 
tablatures tailed into and bonding with the reet of the masonry; 
— not merely laid upon the pillars to ied the idea of construc- 
tion, but really forming an essential part of the wall masonry. 

It is, indeed, very manifest that extreme durability was evera 
foremost consideration in the mind of those able Roman masona 
A curious instance of this feeling occurs in the construction of 
the steps of the numerous public staircases, Being open, and 
therefore constantly exposed to the weather, it is obvious that 
had the steps been simply laid on each otherin the usual way now- 
a-days, the wet, would have been liable to penetrate or be driven 
through the joints; and so, in the course of years the gradual bat 
constant penetration of wet would have injuriously affected the 
vaults and arches beneath on which these steps were laid. To 
prevent this a very ingenious and, I should imagine, a very 
effectual contrivance was devised, consisting of a sinking cut into 
the face of the tread, where the riser of the step beds upon the 
tread of the step beneath it; which sinking, as Mr. Paris very 
satisfactorily shows, was made to receive a covering, or what 
workmen call a listing, of mastic or cement of some kind, well 
calculated effectually to exclude wet. 

I must, however, no longer dwell on these practical subjects, 
which might be multiplied to almost any extent; all tending to 
prove that there were maater-minds among the builders of Rome 
as well as among its military and political chiefs. Although this 
wonderful building now presents to our view little more thans 
vast mass of bare masonry and brickwork, deformed by time and 
barbaric depredationa, it is not to be doubted that its internal em- 
bellishment was as gorgeous as might be expected from Roman 
builders, who were so addicted to magnificence, and who might 
be supposta to be especially lavish in the adornment of this the 
most highiy favoured centre of attraction to the pleasure-loving 
citizens of e. Mr. Paris furnishes us with careful drawings 
of fragments of ornamental details which fully confirm this 
supposition; minutely enriched stucco linings ap to have 
decorated the interior of the halls and corridors; and notwith- 
standing the ravages that these ruins have for ages been sob- 
jected to in the search for precious marbles, fragments of fluted 
columns yet survive, of richly coloured marbles, carved most 
elaborately. The extent to which this elaboration was carried 
may be in some measure inferred from the immense amount of 
labour bestowed upon so subordinate a detail as the fluting of 
the shafts of the marble pillars. 

It should however be observed, in justice to the architects of 
the Colosseum, that tbe somewhat excessive extent of minute 
decoration, as indicated by the few survivi imens, is 
confined to the interior; whereas the exteris, bot in the oon- 
structive features and in the detaile is remarkable for general 
simplicity. 

In this building, as in most of the Roman monuments of tbe 
best period, a greatness of manner eminently distinguishes its 
exterior architecture; a circumstance well worthy of your note in 
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the proneness to crowded ornamentation at the present day so 

prevalent. Without going back to remoter and simpler times, 

we shall, indeed, find that in Roman art, in its best and purest 
days, and in Mediæval art at the justly-applauded epoch of the 
thirteenth century, and in Renascent art at ita period of freshness 
and beauty, when Bramante and Raffaelle designed,—at all these 

a of art we shall find no vulgar overloaded decoration, but 
abundant evidence of that just appreciation of the value of orna- 
ment which knows how to use it with due effect, and when it 
may be usefully dispensed with. 

I will not dismiss this remarkable volume from your notice 
without voting the extraordinary dimensions of the building 
which it illustrates. I find the length of the major azis to be 
580 feet, and of its minor axis, 480 feet; whilst the height from 
the ground line outside the building to the summit of the exterior 
wall is 160 feet. Mr. Paris makes an elaborate calculation of the 
actual number of sittings afforded by its marble benches: the 
result ia 44,090 persons. The stories, therefore, of those (like 
Fontana and others) who represent the number of persons accom- 
modated to have been 80,000, or even more, were either wild 
enggerationg, or it may be that this high number might have 
been obtained by counting the multitudee who could have been 
crowded into the numerous corridors, on the broad platform at 
the higheet part of the amphitheatre, and possibly, too, on the 
arena iteeif. 

I will now invite your attention to two splendid folio volumes 
of drawings preserved in the Royal Library, of which they form 
apart, The drawings are executed very carefully and cleverly in 
outline, alightly shadowed and tinted, upon vellum. The series 
comprises plans and views of the chief royal palaces of France, 
together with some original designs, by Jacques Androuet du 
Cercean, one of the most eminent among the originators of the 
Renaissance in France, born about 1515. These valuable and 
interesting drawings were made for Catherine de Medicis, and 
certainly formed part of the royal collection of France. How 
they subsequently became transferred to their present place on the 
shelves of our great public library is not recorded. 

It is not my intention to particularise all the buildings repre- 
sented in these volumes; indeed, so rich was the French crown 
in Chateanx and Maisons de Plaisance in the sixteenth and seven- 
teenth centuries, that it would extend my notice far beyond ita 
Proper limits were I to do so. All the earlier examples are 
tharacteristic of the transitional period when they were erected. 
In plan they retain much of the type of a Mediæval fortification, 
and this may have been ape 4 occasioned in some cases by the 
erection of the palaces on the foundations of some more ancient 
catles of a strictly military character. But there are few that 
retain any provisions whatever for active defence; the bastions 
become clusters of embowed windows, enriched with many archi- 
tectaral embellishments; and the intervening curtains are oc- 
mpied entirely by wide windows, lofty chimneys, and other 

of domestic architecture, to the exclusion of the loop- 
holes and frowning machicolations of the preceding ages. 
Those highly-pieturesque buildings, the Chateau de Chambourg 
and that of St. Germain au Laye, for example, are buildings of 
this mixed character. They are described as Batiments de 
Plaisance, and present thronghout the evidence of their having 
been built for agreeable residences; whilst, on the contrary, the 
plan alone of these buildings would convey the idea of a strictly 
fortified place, with moat and drawbridge, and like appendages. 

The Chateaux of Blois and of Amboise are interesting examples 
of this pi ue transitional style; one of the prominent fea- 
tares of whieh is the very steep and conical roof, enriched by 
most elaborate cresting and finials; the latter rising often to a 
considerable height, sometimes of metal, and sometimes executed 
in glazed and coloured terra-cotta. The variety imparted by 
these means to the sky-linea of the roofs is one of the chief sources 
of the picturesque in the buildings of this date in the north of 
Europe. It is worthy of note that at the Chateau Amboise, the 
chapel, which is conspicuous in rp Ss of domestic buildings 
which compose the chateau, is strictly Gothic, in general outline 
at well ag in its details; having lofty and slender pinnacles and 
battresses, and traceried windows; whilst, as I have stated, every 
other part of the palace is in that particuar phase of the Renais- 
sance which prevailed in Franoe after the general discontinuance 
of the Gothic manner. ‘This distinction would seem to indicate 
that a sense was felt of the propriety of adopting for ecclesiastical 
buildings a character of architecture differing from that employed 
in designing domestic buildings. - 
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I have on a former occasion expressed my opinion that such a 
distinction seems not unfounded in reason and good sense. To 
adopt a strictly Mediæval style of design in al! its purity and 
isos pude in the erection of a domestic building—a private 
residence, for example, where all the luxurious requirements and 
refinements of modern social life are necessarily to be expected— 
is a task full of embarrassment and difficulty to the architect; 
necessitating frequent departure from ancient types: whilst, on 
the other hand, the Mediæval style lends itself with great facility 
to the construction of a church or chapel in its familiar form, and 
with its necessary adjuncts. 

There seems, indeed, a moral as well as esthetic propriety fh 
thus setting apart a special style to buildings of a sacred charac- 
ter; visibly distinguishing it from a building erected for domestic 
and, as it were, vulgar uses;—a distinction analagous to that 
which led the Egyptians to preserve a hieratic character in their 
sacred writings, as well as in their sacred architecture, long after 
classic forms and demotic alphabets had become familiar to them. 
I may add, with reference to this example at Amboise, that there 
are no indications whatever to justify a supposition that this 
Gothic chapel is not coeval with the surrounding buildings of the 
chateau, which are, as I have said, of a perfectly Renascent aspect. 

The Chateau Valeri, which is in the same early French style, 
is particularly notable for the boldness and vigour with which it is 
designed—e manner so broad and forcible as to well merit the 
character of grandeur. : 

The Château de Montargis is an example of great interest, 
having less of the Renaissance element in its style of architecture. 
The sectional views convey an excellent idea of the interior of 
the chateau as it appeared at the time of Catherine de Medicis. 
The capacious chimney-breast in the great hall is especially ob- 
servable, as characteristic of the style of the period. On the 
front of this chimney-breast is represented, in sculptural relief, 
the romantic story, which tradition has handed down, of the 
faithful “Dog of Montargis,” who avenge the death of his mas- 
ter. To quote the somewhat quaint old French phraseology in 
which the volume adverts to the legend, it describes the su et 
of the sculpture as “ histoire digne de mémoire d'un combat d'un 
gentilhomme contre un chien, lequel gentilhomme, étant vaincre 
Par le chien, confess a avoir tué son compagnon, maitre du celluy 
chien. 

This practice of sculpturing or painting some family legend, or 
other interesting historical incident, over the chimneypiece round 
which the members and retainers of a family were habitually 
assem bled, seems agreeably characteristic of the habita of the time; 
and presents a contrast very unfavourable to the manners, and 
even to the taste, of the present day, when we compare these 
simple, and perhaps somewhat rude, yet vigorously-expressed 
illustrations of our social state, with the paltry ornamentation of 
a modern parlour, the shabby unmeaning looking-glass and putty 
frame which usually usurp this place of honour in the best living- 
room of our modern dwelling-houses, The chimueypieces or fire- 
places themselves suggest similar observations. In the case be- 
fore us of the great hall of the Chateau Monae the chimney- 
piece, as represented in this book, is typical of that feature in all 
the great halls of the fifteenth, sixteenth, and seventeenth centuries 
throughout Europe. A great canopyor hood advances forward, 
overhanging a hearth capacious enough for the combustion of fuel 
sufficient to warm the whole household collectively. This over- 
hanging chimney-breast is not usually carried by the projecting 

iers ot solid masonry or brickwork which now wore generally 
imit greatly the radiation of heat, and send it up the chimney 
rather than into the room. The breast, on the contrary, is 
usually carried by pillars, or other carved supporta, attached to 
the wall, and ornamenting as well as aupporting the hood which 
is to carry off the smoke; at the same time projecting so mode- 
rately, and occupying comparatively so small a space, as to cause 
very little obstruction to the radiation of warmth. 

No doubt these rude contrivances may not be always very 
effectual in carrying off the smoke; but it may well be 
questioned whether a little smoke was not more than com- 
pensated for by the genial embrace which these old fireplaces 
offered to the old social circle. Besides, let us candidly admit, 
with all the unsociable contractions which modern science has 
engendered, are we not stil occasionally a little troubled by 
smoke —asmoke, without any compensating beauty, and for 
which we get nothing in return but damaged furniture, and per- 
chance a ruffled temper. 

(To be continued.) 
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ON A NEW MODE OF COKING IN OVENS APPLIED 
TO THE STAFFORDSHIRE SLACK.* 
By ALEXANDER B. COCHRANE. 
(With an Engraving.) 

Mavy varieties of coke ovens have from time to time been 
invented with a view to economise the cost of coking, which have 
met with variable success; and attempts have recently been made 
to perfect the adoption of flues underneath the floor of the ovens, 
which were tried so long ago as 1853 by Mr. J. Dunning, and have 
since been attempted frequently, but with only partial success. 
The subject of coking has a most important bearing upon rail- 
ways especially; and if coke could be obtained at a cost approxi- 
mating more nearly to the price of large coals than can possibly 
be the case under the ordinary system of coking whereby little 
more than a yield of 50 per cent. is obtained, the advisability, of 
again reverting to coke in locomotives instead of coal would be 
considered, and would probably be judged expedient. 

In the ordinary plan of coking, the oven in which the process 
is performed is a round chamber about 10 feet internal diameter, 
as shown in Fig. 7, Plate V., the floor of which slopes gently from 
the back to the front; the oven is covered in by a dome springing 
at about 4 ft. from the floor and rising to about 8 ft. at the highest 
point. Af the centre of the dome thre charging orifice is situated, 
which serves as a chimney in the simplest form of oven, and as the 
entrance into the general flue of a series of ovens where a separate 
chimmey is employed; the coke is drawn out through the door in 
front of the oven, and in some instances the coals are also charged 
through the door. In such an oven, whether it be open-topped, or 
whether the gases and smoke instead of being allowed to escape 
immediately into the atmosphere are conveyed along a general 
flue to a suitable chimney, the process of coking is carried on from 
the top of the coals only, travelling downwards until it reaches 
the floor of the ovens. But the coking could not be carried on 
without a considerable quantity of air being admitted during a 
certain period at least of the process; and the fact is that the 
coking is effected at the expense of the combustion of a certain 
pene of the coke which the peed of coals ought to yield. 

Wep not air admitted, the process would stop; and as it is, the 
ovens are subject to great irregularities from the uncertain 
draught in variable states of the atmosphere. This is evidenced 
by the fact that if the draught of an oven is interfered with the 
oven does not get “burnt off” as it ought to be, requiring 
perhaps a day longer to be completed or even more: and when 
the oven is drawn it will be found that the coke is accompanied 
with the objectionable appearance due to what are called “ black 
ends,” or partially coked coals. This great evil has been in a 
measure corrected by the adoption of a tall chimney to a series of 
ovens, but in that case arises another objection: in a long series 
of ovens it is difficult to make the influence of the chimney felt 
throughout; and consequently of the two systems the original 
one is still preferred in some instances.’ 

Tn connecting a chimney to a series of ovens the arrangement 
found best is to place, say 48 ovens in a double row of 24 each, 
back to back, with a central flue passing between the two rows 
into a chimney occupying a central position in the block of ovens. 
But even in such an arrangement, where the farthest oven is 
separated by only 11 intermediate ovens from the central chimuey, 
it is found impossible to prevent the speedy burning off of the 
oven nearest the chimney and the tardy burning off of the farthest, 
the intermediate ovens varying in their regularity according to 
their distance. Jt is said the oven nearest the chimney is capable 
of being burut off without intentional admission of air, which in 
the other oveus is equally allowed to enter by only partially 
closing the door; but the real fact is that the draught of the 
chimney exercising its greatest force on the nearest oven draws 
in a quantity of air, imperceptibly though not the less certainly, 
through the imperfect joints of the temporary door and of the 
external and internal masonry: and each oven only apparently 
requires more air as it recedes from the chimney. At the Glou- 
cester railway station the writer believes it was attempted several 
years ago to correct this evil by arranging a series of ordinary 
‘ovens in a circle around a central chimney, and no doubt the 
difficulty as regarded the drauglit was removed; but from some 
cause or other the whole system is now swept away. Such an 
arrangement however as that of a central chimney with the ovens 
arranged in a circle round it would evidently constitute a marked 


* Read at the Institution of Mechanical Engineers. 
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improvement so far as 
concerned; but it is 
struction of ovens as a 
sacrificed by such a plan. 

The yield of ordinary coke ovens rarely exceeds 50 to 52 per 
cent. of the coal supplied. The experiments which have been 
made to bring about the adoption of fluid ovens have pointed to 
the importance of making use of the waste heat from the ordinary 
coke ovens to assist in the process of coking. Indeed all fluid 
ovens have one common object: to make the waste circulate 
in flues either beneath the floor of the oven, where they are 
ignited by suitable admission of air; or, as in one instance, around 
the top, sides, and floor of the oven. As may be supi , the 
rapidity with which the coking is performed is greatly increased, 
and the non-admission of air to the contents of the oven is a 
source of great increase in the yield: but the wear and tear on 
this class of ovens is excessive. In one instance, where the waste 
gases are made completely to envelope the oven, the wear and tear 
amounts to no less than 6d. per ton of coke produced; and in a 
recent plan the writer understands the flues underneath the floors 
of the ovens are in a very short time so destroyed that the oven 
must be laid off for repairs, far too frequently to make the plan 
commercially successful. 

The plan of coke oven forming the subject of the present paper, 
the invention of Mr. Henry Eaton of Bordeaux, is believed to 
fulfil the requirements of a good coke oven more completel 
than ovens on the ordinary plan, or those having flues underneat 
the floor. About the middle of last year the writer, having to 
decide on the class of oven to be adopted athis Turedale Colliery, 
in the county of Durham, after a careful investigation into the 
merits of various plans determined to build an experimental 
block of 12 ovens on Mr. Eaton's plan, at the Woodside Iron 
Works, Dudley, with the intention not only of testing the value 
of the ovens for coking North-country coal, but also of trying 
what could be done in coking the intractable slack of the Stafford- 
shire thick coal, the “fine” of which has hitherto been thrown 
away as waste in very large quantities. The success was so far 
complete that it was both decided to adopt this system at the 
Tursdale Colliery, where two blocks of 12 ovens each are now in 
operation on this plan and a third in progress: and a second block 
has also been erected at Woodside, which has been at work for 
two months. 

The new ovens are shown in Plate V. Figs. 1 and 9 are a 
general elevation and plan of a single block of the ovens; Fig. 
3 is a part sectional plan to a larger scale, and Figs. 4 and 5 are 
longitudinal and transverse sections of the ovens. 

The ovens, twelve in number, are arranged in the form of & 
circular block, as shown in Figs. 1 and 2, of 44 feet diameter, 
round a high chimney in the. centre, which causes the draught 
to be equal upon all the ovens, so that the coking proceeds in 
all alike with equal regularity. Each oven A, Figs. 3 and 4, 
opens at the back by a flue into the regulator B, from which is a 
smaller flue leading into the chimney C. At its junction with 
the oven the size of the flue is about 18 inches square, reduced 
at the regulator B to 8 inches square, and at the foot of the chim- 
ney it is only 6 inches square. The regulator B is à rectangular 
chamber covered by a moveable plate perforated with holes for 
the admission of air to the gases disengaged in the process of 
coking. The E chimney C is divided at the base by Tin 
nal partitions D, Fig. 3, rising a little above the flue levels, the 
effect of which is to distribute the druught of the chimney 
uniformly over the twelve ovens in four sets of three each. The 
flues do not enter the chimney at the same level, but the middle 
one in each set of three rises above the two on either side, and 
thus space is economised in the size of the chimney at the base. 
The top of the chimney is 3 feet square inside, but this is larger 
than necessary, aud it need not exceed 2 ft. 7 in. square. The 
chimney islined with firebrick for 19 or 15 feet of its height 
from the base, to protect the red brickwork from the intensity 
of the combustion which there takes place. It will thus be seen 
that the arrangement of a central chimney and its division at 
bottom by four partitions creates a most uniform draught in each 
oven of the block, and this uniformity is one of the most im- 
portant elements to be secured in coking. 

The chimney and ovens rest on a foundation E, Fig. 4, made 
up of cinders and dry rubbish free from any combustible P 
dients, well rammed in to secure solidity, over which is laid 
about 9 inches of concrete. The whole block of ovens is con- 
tained by brick walls bound together by bolts and straps, the 
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latter being wrought to the form of the door frames, which are 
thereby held in their places Each oven is covered in by an 
arch, shown in the transverse section Fig. 5, every portion of 
which is an are of the same circle. The turning of the arch has 
been found to be a matter of some difficulty, to ensure perma- 
nency; but has been satisfactorily accomplished in the following 
manner. To make a perfect skewback for this arch, the angle 
at which the arch beds on the partition walls of the ovens 
should vary at every point of the walls, on account of their 
diverging from one another, as they all radiate from the centre 
of the block. But it has been found best to adopt a medium 
angle throughout, and cut the last arch bricks on each side of 
the oven to bed properly to their place. The rest of the arch 
bricks are all bedded in planes parallel to a centre line through 
the middle of each oven; so that after starting from the skew- 
backs, aa the lines of bedding planes lengthen and approach 
the centre, they leave a parallel strip the whole length of the 
oven and the arch is easily keyed in. This done, the centering 
being constructed in three convenient parts, can be easily taken 
to pieces, and removed through the mouth of the oven. 

The charging of the ovens, where one kind of coal alone is 
used, is done by waggons holding about 10 cwt. of coal each, 
which ran upon a circular railway F, Fig. 4, on the topof the 
ovens. "When the charging is completed, the moveable hopper 
G is removed, and the holo in the roof of the oven closed by a 
large slab, and luted all round to make it air-tight, Where a 
mixture of coal is needed it is usually more convenient to fill 
at the mouth of the ovens. The plau, Fig. 2, shows half the 
block of ovens, with the railway for charging through the roof 
of the ovens, and half without the charging orifices in the roof. 
The progress of the coking can at all times be inspected through 
a sight hole in the top of the door of each oven, which is closed 
by a small fireclay plug. When completed the coke is with- 
drawn very easily fron the ovens, as the partition walls are 
radial and diverging from each other. For watering the coke 
previous to drawing, a water main H, shown in section in Fig. 
4, encircles the block of ovens, having suitable standards fitted 
with india-rubber hose pipes; at the end of the hose is attached 
a long gas tube, which is put in through tbe mouth of the oven 
and moved about to direct the water over the surface of the 
coke. For facility of handling the tube and working the tools 
used in drawing the coke, a small portable crane I, Fig 1, is 
perdes easily shifted by a couple of men, having a double 

ook roller, shown in Fig. 6, over which the tools move easily. 

The mode of workiug these ovens is in the first place to dry 
them off in the usual way, which takes four to six days from 
the first lighting of the fires When sufficiently heated, the 
ovens Noe. 1-4-7-10 are cleared of ashes and charged on the first 
day, the heat being purposely kept up in the rest of the ovens 

ill they are in their turn charged. On the second day the ovens 
Noe. 2-5-8-11 are charged, and on the third, Nos. 3-6-9-12. By this 
pas of charging the heat of Nos. 12 and 2is assisting to impart 

eat through the partition walls to No. 1 between them; the 
same takes place with Nos. 4-7-10, each between a pair of warm 
ovens. For 24 hours therefore Nos. 1-4-7-10 have the advantage 
of adjacent neat, by which time they have acquired sufficient 
temperature to permit of the drawing and charging of the one set 
of adjacent ovens Nos. 2-5-8-11 on the second day without injury. 

Indeed the first ovens have acquired a sufficient de, of tem- 
perature to assist in starting the operation of coking in the ovens 
charged on the second day. The same remarks apply tothe charg- 
ing of ovens on the third day, those of the first and second day bot. 
now assisting to start the coking process in Nos. 3-6-9-12 charged 
on the third day. For 24 hours the ovens charged on the first 
and second day are now reacting upon one another, whilst those 

on the third day are being urged forward to a degree 
which will enable them on the fourth day to permit of the 
drawing and recharging of Nos 1-4-7-10. 

In applying the new plan of ovens to the coking of the fine 
slack of the Staffordshire Thick coal, it is mixed either with 
bituminous slack from South Wales or with a smaller portion of 
pitch, in order to impart the necessary caking quality, the want 
of which has rendered the Staffordshire lick incapable of con- 
veraion into coke by any plans previously tried. In either case 
the requisite binding prea is now obtained, and the coke is 
produced in lumps of large size and excellent quality, and is 
found of particular value in the blast furnace. ith a mixture 
of 45 per cent. of Staffordshire slack and 55 per cent. of bitumi- 
nous Welsh slack, the yield regularly obtained in the first block 
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of ovens at Woodside, which is only 42 feet diameter, has amounted 
to from 55 to 60 per. cent of coke. With a mixture of 75 per 
cent. of Staffordshire slack and 25 per cent. of pitch, the yield 
has been from 50 to 53 per cent. of coke. The fluctuations in the 
yield arise from the variations in the quality of slack obtained 
from different places, some requiring more bitumen to bind it 
together. Where the binding is not perfect, considerable waste 
ensues in drawing thecoke. To correct this has been the object 
of some recent experiments, in which a mixture of 44 per cent. 
of Staffordshire slack with 44 per cent. of Welch alack and 12 per 
cent. of pitch has been used, resulting in a regular yield of from 60 
to 65 per cent. of coke, The best yields however, as may be sup- 

are obtained from coals which contain a sufficient propor- 
tion of bitumen to secure binding without admixture: such as 
the bituminous or caking coals of Durham, Newcastle, and South 
Wales, from which results ef 673 to 70 per cent. yield of coke 
are uniformly obtained in these ovens. These results have 
been obtained from coals supplied from the Brithdir Colliery in 
South Wales, Pease's West Dbiliery in Durham, and the Turs- 
dale Colliery in Durham. 


(To be concluded in our next.) 


RESISTANCE OF SQUARE BARS TO TORSION. 


TO THE EDITOR OF THE CIVIL BNGINEBR AND ARCHITECT'S JOURNAL, 


Sis, —It ie very desirable that the attention of writers on the 
strength of materials should be called to the theoretical investiga- 
tions of M. de St. Venant, especially those on torsion, which were 
published in the ‘Mémoires des Savans Etrangers,’ vol. xiv., 
about six years ago, but appear to have been almost wholly over- 
looked, although &ome of their resulta are of much practical im- 
portance. 

According to the ordinary theory of the torsion ofa straight uni- 
form bar, each originally plane section perpendicular to theaxis con- 
tinues to be plane and perpendicular to the axis when the bar is 
twisted. It is easy to see that this supposition is rigorously 
exact for a cylindrical bar only; but it seems to have been gene- 
rally taken for granted that the errors to which it leads when 
applied to bars of other forms are unimportant in practice. M.de 
8t. Venant shows that they are of importance; and by a very 
skilful and laborious mathematical investigation he obtains ap- 
proximate formule in which allowance is made for the effect of 
what he calls the “ gauchissement” (which may be translated 
the warping) of the originally plane cross-sections of bars that are 
not cylindrical. He arrives at the result, that the whole of the 
ordinary formule relating to torsion are erroneous, except those 
for cylindrical bars. . 

The most important case in practice to which the method'of 
M. de St. Venant has been applied is that of a square bar, wrenched 
asunder by torsion. 

Let À denote the side of the bar; f, the modulus of rupture by 
wrenching, or greatest intensity of the stress when the bar gives 
kie. then the moment M of the force required to wrench asunder 

e bar is, 

According to the erdinary formula, M —:2357 fi; 
According to theimproved formula, M—'281 fh’. 

Th the reduction of experiments on wrenching equal bars 

asunder, the following are the values of the modulus f: 


According to the ordinary formula, IE 
M 
According to the improved formula, f—-.——1,— 


To these may be added the corresponding formula for cylindri- 
cal bars, in which alone M. de St. Venant makes no alteration, 


M 
fem 196 h* 

An easy test of the accuracy of the formule for square bars is 
to try whether, when applied to experimenta, they give values of 
f agreeing, or nearly agreeing, with those deduced from experi- 
ments on round bara. I have lately applied that teat to them by 
the aid of the experimenta of Mr. George Rennie and Mesara. 
Bramah on square bars of cast-iron, and Mr. Dunlop on round bars 
of the same metal, as quoted by Mr. Hodgkineon in his work on 
Cast-iron (articles 201 to 204 inclusive), with the following results, 


21 


86 


(Bee also, às to Mr. Dunlop's experimenta, Tredgold on Cast Iron, 
page 98.) 


MopvLOs op Wazscuixo, f. 
Ordinary formula. M. de 6St. Venant'sformuja. 


fb. on the sq. in. D. on the sq. in. 
Square Bars. 

Mean of Mr. Rennie's experimenta 32,297 ...... 27,070 

Mean of Messrs. Bramah's experi- 
ments .. .. 2. e. 2. e. STAT — 28,640 
General mean ... 34,987 gn 27,855 

Cylinders. 

Mean of Mr. Dunlop's experiments 27,584 — ...... 27,534 
Difference . ... 1,493 - ..... 321 


It is obvious that the difference between the results of experi- 
menta on square and round bars, according to M. de St. Venant’s 
formula, falls within the limits of the ordinary variations of ex- 
periments on the strength of materials; which limits it greatly 
exceeds when the ordinary formula is applied.—I am, &c. 

W. J. Macquorn Rankine. 
Glasgow, 4th February, 1862. 


————tiÁÍm— ——— 


PHOTOGRAPHIC DISTORTION. 
By R. H. Bow, C.E, Edinburgh. 
(Concluded from page 58. ) 

In the case of a small body at the extremity of any radius, the 
per-centages of distortion of that body in the two directions— 
1st, of the radius, and 2nd, at ram angles to the radius—will be 
in the proportion of n to 1,or nearly as 3: 1. For instance, if a small 
circular body were situated at a distance from the centre of the 
subject, then in the photographic picture the image of that body 
would show a compression in the radial direction about three 
times greater than in the lateral direction. This will be observed 
in the case of the square and circular objects, ABCD becoming 
abcd, shown in Fig. 3; but these objects are too large to give the 
proportions very correctly. 


ON 


Fio. 3. 

Diagram of the distortion produced by a plano-convex lens, with a focus 

equal to about 3} times its diameter. 

Angle of incidence of extreme rays —30^, index of refraction 21:5, n—8. 
The undistorted image, drawn according to the scaleof the centre, is 
shown in broken lines; the distorted imageis shown in continuous lines. 
The radial distortion at extreme circle=30 per cent. Ditto measured 


over whole of longest radius —10 per cent. The lateral distortion at 
extreme circle- 10 per cent. 


It is evident that for every lens there is a range in the ratio of 
distortiou, dependent upon the value given to DF, and varying 
from that borne by the tangentsdown to zero. The intermediate 
ratios required for the comparisons in Table II. are obtained 
thus:—The length of any radius, FT, of the image (see Fig. 2) is 
equal to LV+LT’ x tan.of TLT. And when OA —2, and Rthe 
radius of curvatureof the lens —3, the amount of refraction by the 
second surface is so trifling that, though it is taken iuto account 
in arriving at the inclination of LT, we may adopt this more con- 
venient formula for FT,— 

FT--KD DF (tan. of inclination of LT). 

The comparative resulta in Table II. are for the purpose of 
showing the power which one lens possesses to counteract the 
tendency to produce distortion in another placed on the other 
aide of the same stop. And we see that when the amount of dis- 
tortion produced on the radius drawn to the extreme standard 
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ray by one lens, at the distance DF measured—say to the chart — 
is eq to the amount produced by the other lens at the distance 
at which the plane of the copy is placed, then the combination is 
almost perfect in its action upon 

is sufficiently so for all practical purposes. 

Thus in Table IL, Example 2, we see that, if we use the two 
lenses with the radii—3 and 4, and the object is at an infinite 
or say at a great distance in front of the 4 rad. one, the image 
will be free from distortion if made to fall on a screen placed 12°15 
behind the 3 rad. lens. 

If only the lens of radius = 3 were used, with the stop and flat 
side towards an object at any distance, and the picture formed 
at 5 behind the lens, the principal radius would suffer a contrac- 
tion amounting to 7'876 per cent.: if formed at 10 behind, the 
same would be distorted to an extent of 9'213 per cent.; and if 
we supposed it to be formed at a very great distance behind the 
lens, the distorting contraction would amount to 11:523 per cent. 
Of course the per-centage of radial contraction at the extremity of 
the radius would be n, or nearly three times the above. 

These results and the diagram, Fig. 3, will serve to convince us 
of the very great amount of distortion existing in photographs 
taken with Sano con Yer lenses; and I think it will be admitted 
that the amount of curvature in the lines gives us a very inade- 
quate idea of the excessive amount of radial contraction which is 
produced in a body situated near the margin. 

We have shown that it is ible to correct the distorti 
tendency; but, to bring about the very nice arrangements requi 
when the flatness of field is brought into the question, we confess 
that there appears little hope of any unive instrument being 
constructed to suit for copying charta to any scale. The case No. 
1, in Table II, is given however to show that we are not called 
upon to change the value of R, the rad. of curvature, for every 
change of scale; for, by placing one lens nearer to the stop, we 
virtually lengthen its focus, or rather diminish its distorting power 
compared with the other lens, and a considerable range of scale 
may thus beattempted. It is probable, however, that the various 
changes would become so troublesome and complicated, that it 
would be better to construct a separate instrument for each par- 
ticular scale; and, before concluding, I have another arrangement 
to propose suitable when a separate instrument is to be devoted 
to each particular suale—a combination in which the correction of 
poh is mathematically perfect, and the calculations very 
simple. i 

One use to which the results in Table II. may be turned is, to 
warn us of the imperfections of some arrangements put forth as 
peeaucing pictures free from distortion. Thus, if we take two 

enses, say each with R—3, with the stop and negative arrange- 
ment exactly midway between them—which I believe correctly 
represents Mr. Sutton's symmetrical triplet—then, if the chart 
and the copy be on the same scale there will be no distortion, 
since the distances are equal; but if the chart be at a very great 
distance, and the image or copy at, say 5, then the distortion on 
the longest radius will be equivalent to an increase from 0°884014 
to 0:92324, or about 4.438 per cent. on the radius, or a marginal 
ty atc ater — 76°97 —65'20 
radial distortion = 65°90 
Or, taking a leas extreme case, let the respective distances of the 
copy and chart be 10 and 50; the extreme radii will be as 0:907873 
to 0°890314 

Per-centages of contraction on the radii = 9:2127 and 10°9686. 

Per-centage of enlargement of radius of copy = 


0°907873—-0°890314 
0890314 
Per-centages of radial contraction at margin = 27:638 and 


32:906; difference = 5:268. 
Radial scales for margin = 72:362 aud 67:094. 


Per-centage of marginal radial enlargement 5'268 x 100 


e intermediate spaces alao, and 


X 100 per cent. = 1805 per cent. 


X100 = 1:97. 


67094 ^ 1:84 
In proposing such a combination Mr. Sutton (see ‘Photographic 
Jo , 1860, p.58) takes for granted that, when the emitted 
rays are made parallel to the corresponding incident rays, there 
is no distortion. But this ignores altogether the effect of the size 
of the lens, and is only true in the case of the lenses being ex- 
actly alike, when the scale of the copy is equal to the original, or 
wher both chart and copy are at great distances from the lenses 
in proportion to their common diameter. 
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MR. BOWS CHART COPYING LENS, 
Fie. 4. 


syer 


The combination which I propose for copying charts, &e. is as 
follows:— 


Suppose that the copy is to bein size = th of theoriginal. Then 


I make all the dimensions and distances of the parts on the chart 
Fie. 6. 


` side of the stop equal to m times the corresponding dimensions 
and distances on the copy side of the stop. Thusin Fig. 4 we have 


r =>PQ, Fo=m.of, AB = m . ab, Rad. of lens D = m . rad. 


of lens d, Do = m . od. 
The introduction of a negative lens at O will not affect these 
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ratios; but I hope to arrive at a combination such as Fig. 5 (the 
lenses being still similar) which will give a flat field without the 
use of a negative lens at the stop. 

In arranging for a given namber of scales it will not be necese 
sary to use doubie that number of lenses, as one lens may in turn 
be employed in combination with several of the others, of similar 
forms but of different dimensions, 


TasLE II.— Of. series of contracted radii of the image produced by 
different lenses, 


Arranged to show the degree of accuracy with which the distortions—at 
different distances from the centre of the picture produced by one lens 
—may be corrected by a second lens placed at the other side of the 
stop, when the distances of the object and picture, the foci of the lenses, 
and their distances from the stop are all properly adjusted. 

The diameters of all the lenses are taken —2, and all are plano-convex. 
The usual distance of the stop from the flat side of the lens—1:732051, 
or such that the extreme ray passing through the stop is inclined at 


30°. The index of refraction =1°5. 
DF,orthe 
une ce ate Amr [Zui reste Pt ar 
trom the lena. oman side lnags from from cnt pane | pente | pne 
Maren 23* 24^ 8. | 16° 6-18. | 8° 12^19. 
œ 10000 -5000 | -2500* 
17182 3 | 4515 | -9259 4904 | :2487 
: | 0:866 3 v | -9259 4908 | :2486t 
A poe 3 |1215 | -9045 4876 | 2484 
(1-732 4 œ 9045 4878 | 2484 
, gr 8 | 734 | -9141 4888 | 2484 
(1-782 4 | 20° 9141 4888 | :2484 
1782 3 | 425 | -9275 4906 | 2438 
: | 1732 6 o% ‘9275 4906 | 2488 
1:732 3 | 500 | +9232 -4900 | :2497 
1732 3 œ 8846 -4850 | 2480 
* No contraction. 


+ The rays croes this lens at only half the distances (from its centre) of heads of cols. 


ON BENSON'S HIGH PRESSURE STEAM BOILER* 
By Joux James RUSSELL, 
(With an Engraving.) 


Tur boiler forming the subject of this paper is the invention 
of Mr. Martin Benson, of Cincinnati, U.S., where it has been 
in operation from three to four years, and about fifty of them are 
in use for various purposes. 

A boiler of this construction having since been erected at my 
works at Wednesbury, and having now worked satisfactorily for 
ten months, the further results are given in the present paper. 
This boiler has been. in constant work during the whole of the 
time with entire success, driving an engine of 60 indicated horse 
power; and the writer has been so thoroughly satisfied with the 
results and the correctness of the principle upon which the boiler 
is constructed, that he has since seacted a second and larger one 
upon the same plan, but with some improvements in the details 

construction, results of experience derived from the former 
boiler. This boiler is now at work on the same premises, and is 
thown in Figs. 1, 2, and 3, Plate 6, Fig. 1 isa front elevation, 
showing the receiver and circulating pump; Fig. 2 is a longitu- 
dinal section of the boiler, and Fig. 3 a transverse section at right 
"a to Fig. 2. ^ 
e boiler proper is composed entirely of tubes A, Fig. 2, 
arranged in a series of horizontal rows over the fire. BB are 
doorways at the front and back of the boiler, for fixing, disconnect- 
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ing, and taking out the tubes. C, Fig. 1, is the water and steam 
receiver; D the circulating pump, which draws its supply of 
water from the receiver C, and is worked by the small donkey 
engine E, above. F is the main supply pipe from the circulating 
pump, to which the lowest tubes of each section of the boiler are 
connected. G isthe main delivery pipe, to which the top tubes 
of each section are joined, and into which the water and steam 
together are delivered from the tubes, and thence discharged into 
the upper part of the receiver C. 

The circulating pump D is shown oe in Fig. 8, and is a 
simple direct-acting pump, with a metallic packed piston, con- 
structed with a single slide valve H, instead of suction and 
delivery valves, so that it is certain and constant in its action; 
the slide valve is made without any lap or lead, and thus agrees 
exactly with the motion of the piston. The pump draws its supply 
of water from the receiver through the ordinary exhaust port 1, 
running round the cylinder, and rigid it by the outlet pipe 
K, forcing it into the tubes through the pipe F, Fig. 1. e 
Steam generated in the tubes is driven up with the water through 
the tubes, and discharged through the pipe G into the receiver C, 
where the steam and water are separated; and the water is then 
again taken by the circulating pump and returned into the tubes. 
In starting the boiler the receiver is supplied with water until 


* 
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its level reaches the fifth or sixth row of tubes from the bottom, 
as shown by the dotted line in Fig. 1; as the circulating pump is 
standing still at first, in consequence of having no steam to work 
it, the slide valve H, Fig. 8, is allowed to be lifted off its face by 
the pressure of the water, and lets the water flow past the pump 
direct through into the tubes. The fire is then lighted, and steam 
raised from the water in the tubes, which starts the circulating 
pump to work. 

More water is foreed through the tubes by the circulating 
pomp than is evaporated in them. The circulating pump of the 

oiler, now used for ten months, is double-acting, 6 inches in 
diameter, with 9 inches stroke, and makes 40 revolutions per 
minute, against a resistance of from 7 to 10 lb. pressure per square 
inch; the power required to work it is therefore about j-horse 
power, including the friction of the pump. At tbis speed it 
forces through the boiler from 9 to 11 times as much water ag is 
evaporated, which has been found too much to get the greatest 
efficiency of the boiler; and from 6 to 8 times the quantity evapo- 
rated is considered about the proper proportion. In this instance, 
owing to the construction of the donkey engine, the pump cannot 
be worked ut less than 40 revolutions per minute, at which speed 
it is fully capable of supplying a 100-horse-power boiler at ordi- 
nary working pressures, instead of one of only 60-horse power. 
With high-pressure steam superheated and worked expansively, 
the pump is large enough for a 150 horse-power boiler, in which 
case 4rd per cent. or y},th of the whole power produced, is all 
that 1s required for working the circulating punip; and with the 
improved circular bends that have now been adopted for uniting 
the ends of the tubes in the boiler, there is reason to expect the 
circulation can be maintained with much less power. No more 
power is required to work the pump with 80 and 100 lb. steam 
than with 20 lb., since the pressure is the same on both sides of 
the piston, and the only resistance to be overcome is the friction 
of the water in the tubes, which of course is incr in pro- 
portion to the speed; with the boiler now at work the resistance 
on the piston at the proper speed does not exceed 7 to 10 lb. per 
square inch. Originally the delivery pipe G, Fig. 2, into which 
the steam and water from the tubes are discharged, was only 
5 iuches diameter inside, which was found too small; in the 
present boiler it has been made 10 inches diameter. The receiver 
C is supplied with feed water by one of Giffard's injectors, L, 
Fig. 1, instead of an ordinary feed pump. 

t was originally supposed that the mechanical circulation of 
the water, with 9 to 11 times more water forced through the 
tubes than is evaporated, would be sufficient to prevent deposit, 
by keeping them washed out clean; and this is the case to a 
certain extent, as all loose matter is washed by the circulation 
from the tubes into the receiver. Some incrustation however 
does take place, but not sufficient to present any practical difi- 
culty or cause any damage to the tubes. One of the tubes from 
the first boiler is exhibited as a specimen, showing the amount of 
deposit that has been forwed during the ten months it has been 
in use. The deposit is greatest in the lower tubes of the boiler, 
and decreases in the upper rows: practically it is prevented from 
accumulating so thick as to cause the tubes to be injured by the 
heat, since it becomes cracked and loosened from the tubes by 
their alternate expansion and contraction under the varying 
sd ies arare of the tire. At times also nearly all the water is 
worked out of the tubes, so as to let them get quite hot, but not 
hot enough to cause injury by overheating; and when the deposit 
is thus loosened in the tubes. it is washed out into the receiver 
by the circulation of the water. The dirt and scale are cleared 
out of the receiver by a blow-off cock, which is opened for blowing 
off two or three times a day. It takes abouta quarter of a minute 
to free the blow-otf cock from the deposit lodged in the receiver 
before a full body of water issues from it. Pieces of deposit are 
blown off which have a circular form, showing that thes have 
been formed in the tubes, and then scaled off and washed into 
the receiver. The semicircular form of the bends uniting the 
ends of the tubes prevents any incrustation lodging in them, by 
giving an unobstructed passage. 

The mode of uniting the tubes together in the former boilers 
of this construction was with right and left handed screws cut on 
the ends of the tubes and screwed into the bends: but this make 
required an entire section of the boiler to be taken out when a 
new tube had to be put in; and with large boilers this is too 
much trouble, owing to weight, difficulty of handling, and the 
impossibility of unscrewing many of the tubes in the bends after 
they have once been screwed upand put to work. To meet these 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL 


' Mar. 1, 1868 


difficulties a new form of bend has been made in the present 
boiler, which admita of any one of the tubes in any part of the 
boiler being taken out, without removing that section of the 
boiler or interfering with any other joints than those of the tube 
to be removed. Figs. 4, 5, and 7, show enlarged views of the 
improved bends as fixed in the boiler. Instead of screwing the 
ends of the tubes, they are made with collars of suitable size 
welded on, and the ends of the bends are recessed out to receive 
them: the bends are brought up en inat the collars on 
the tubes by the centre screw bolt M, Fig. 7, which passes 
through a hole in the bend in line with the centres of the two 
tubes, and is screwed into the crossbar N, bearing against the 
outside face of the collars. The passage through the bend is 
made on one side of the fixing bolt, to prevent it from obstructing 
the flow of steam and water. By this plan any of the bends 
can be taken off through the doorways at the front and back of 
the boiler, and any tube can be taken ont and replaced. The 
ends of the tubes are passed through the end bearing plates PP, 
Figs. 4 and 5, which serve also as shield plates to protect the 
cast-iron bends from the heat of the fire; these plates rest on 
the walls of the furnace, or are suspended at the top from the 
girders Q, as in Fig.2 Fig. 6 shows the mode of joining the 
tubes to the main supply and delivery pipes, which is done in 
a similar manner by co upon the ends of the tubes fitting 
into recesses in the main pipes, and held np tight by a crossbar 
N and stud bolt. By having valves for cntting off the commu- 
nication between the receiver and tubes, the steam and water 
can be retained in the receiver during the time of removing a 
tube; and when distilled water from a surface condenser is used 
in the boiler, the water can by this means be saved, if a tube 
should burst, and shut off from the boiler while the repairs 
are done. 

The special advantage of this boiler is that steam of high 
por is generated in it with ter safety than steam of 
ow pressure in ordinary boilers. Its construction insures almost 
perfect safety; for the receiver C, Fig. 1, the 2i portion con- 
taining any quantity of steam and water capable of causing 
damage by explosion, is of the strongest form for resisting pres- 
sure, of simple construction, and removed from the action of 
the fire, so that it is entirely free from the injurious effects of 
overheating and the alterations of expansion and contraction 
which are considered to be the cause of so many injuries and 
explosions of ordinary boilers. The only portion of the boiler 
exposed to the fire is the tubes, which are of such small capacity 
that their explosion is incapable of doing any damage, and can 
only cause the fire to be pnt out by the water escaping from 
them. This has been confirmed by the experience with the 
boiler at the writer's works, where a tube has burst on more than 
one occasion, whilst the boiler and engine were at work; and the 
effect was so small, that the accident was not immediately per- 
ceived, until shown by the loss of steam pressure, the steam and 
water blowing out upou the fire through the leak in the split tube 
and putting it out. The advantages of high-pressure steam are 
now generally recognised; buta much higher pressure than can 
be obtained in ordinary boilers aud superheating of the steam 
are required to develop these advantages fully, by cutting off the 
steam earlier with a higher degree of expansion. The economy 
of expansion is now limited by the weakness of boilers in gene- 
ral use; and a large increase of economy may be obtained if 
much higher pressures can be safely used. 

(To be concluded tn our next.) 


——— Ad————— 
REVIEWS. 


The Cathedrals of the United Kingdom; and, The Mineters and 
Abbey Ruins of the United Kingdon. By Mackenzie WALCOTT, 
M.A.—London: Stanford, Charing-cross. [Second notice.) 
We return to our notice of this book, which as therein stated 

want of space prevented completion at the time. 

Apart from the mutter of the heraldry, in which as previously 
stated there is occasionally confusion, as is shown in the reference 
to the arms of Worcester, mentioned on page 8 of the introduc- 
tion and page 271, which concludes the description of Worcester 
Cathedral —where iu the first case the arms of the see are stated 
to be ten hosts, and in the latter ten torteauxes—the observa- 
tions and descriptions of Mr. Walcot are generally correct and 
very instructive. They embrace all the main pointe of interest 
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both historical and architectural, in relation to oar cathedrale, 
and they are conveyed in a terse yet sufficiently comprehensive 
shape. Beyond this, they contain notices of many other objects 
of attraction, both in the cathedral citiesthemselves and in their 
respective neighbourhoods; so that his book is, to some extent, a 
general guide to the antiquities of their locality. 

Some of the introductory remarks of Mr. Walcott are worthy 
of particular attention. Speaking of Christian architecture, and 
its expression as evidenced in cathedral structures, he says, “A 
cathedral ‘is a mighty maze, yet not without a per it 18 the 
embodied idea of the ‘Spiritual house built of living stones?" 
(1 Peter, ii 5.); and further on he adds, “ the visible expreasion 
of abstract ideas: in every part the iugenious builders contrived 
to embody a suggestive symbolism, with a high devotional 
sentiment and great poetic beauty, even as the Temple of Jerusa- 
lem served as an example and shadow of heavenly things and a 
pattern of things in heaven” (Heb. viii. 5. ; ix. 1, 23.) 

In relation to this symbolism he observes, “The prominent 
principle is triplicity; thus a church contains in length—l, choir, 
2, transept, 3, nave; in breadth—1, mid alley, 2, north, and 3, south 
aisles; and in height—l, base tier, 2, triforium, 3, clerestory." 
Again he continues, “The church poiuts to the east, as to the 
place of nativity, sacrifice, and the second coming of the Redeemer; 
the first and last object in the mind and heart of a ransomed 
world. [t was placed on an elevated site, or removed from com- 
mon buildings and open te the light, emblematically of its destina- 
tion, a place consecrated to the Most High for intercession 
between earth and heaven. The porch, nave, choir, and sanc- 
tuary, represented severally the penitent, christian, saintly, and 
heavenly life. The entrance door, with its imagery of sainte, 
signified Paradise; the stone screen before the choir, the portals 
of glory, through the power of the cross which was elevated upon 
it; the crypt, the moral death of man; the cruciform shape, 
the atonement. The apse indicated the place where the 
Redeemer’s bead was laid; the great transept, where his arms 
were laid; the choir transept, the scroll of the cross; the radiating 
eastern chapels, were the rays of the aureole about his head: 
hence we speak of the head, arms, and body of a church. By the 
cock upon the spire, the beholder was reminded of St. Peter; 
how, when apostles ceased to pray, they fell.” 

Mr. Walcott is disposed, in common with others equally enthu- 
siastic on the subject, to carry this reference to symbolic intention 
to the still greater length of affecting every moulding and orna- 
ment. Referring to the cable, chain, saw-tooth, lion head, and 
the faces and beaks of monsters seen in early decoration, as the 
memorials of the martyrs and their instruments of suffering, he 
gaya, “It was only when the church had peace, that she ex- 
changed those symbols for the flowers, the foliage, and palm leaf 
of the succeeding styles." It is questionable, however, how far 
this dictum can be so extensively admitted. 

Recurring to that which is less hypothetical, we find an interest- 
ing notice of the peculiar characteristics of the cathedrals at 
pege 4, which we quote in fall. 


“There are three towers and spires at Lichfield ; three towers at 
Canterbury, York, Lincoln, Durham, and Ripon. Salisbury, Norwich, 
Chichester, and Oxford have spires. There is no cloister at York, 
Winchester, Peterborough, Ripon, Rochester, Exeter, Ely, Lichfield, 
8t. David's, Carlisle, Ripon, Manchester, or the Welsh cathedrals. 
Bangor, Manchester, and Ely, have each a single western tower. Ely 
and Peterborough have central lanterns. Exeter has transeptal towers, 
Lincoln, Ely, and Peterborough, have western transepts. There are 
aislelees transepta at Canterbury, Bristol, Norwich, St. Asaph, Bangor, 
Carlisle, Winchester, Worcester, and Gloucester. Llandaff and Man- 
chester are not cruciform. Norwich and Peterborough end in apses. 
There are western screens at Salisbury, Lincoln, Peterborough, and 
Exeter. There is an eastern screen at Durham. York, Salisbury, 
Rochester, Hereford, Wells, and Worcester have a choir transept. 
Lincoln, Ely, and Durham have galilees. The cloister is on the north 
side at Lincoln, Canterbury, Chester, and Gloucester. Wells, Chester, 
and Chichester s only three alleys; Hereford and Oxford two. 
Bangor, St Asaph, and Carlisle have no Lady chapel; at Rochester it is 
on the south side of the nave, on the north side of the choir at Ely and 
Canterbury; at the west end at Durham; at the east end at Peterborough. 
It is equal in height to the choir at Lichfield. At Bristol all the aisles 
are of the same height. Llandaf had only two western towers. Chi- 
chester and Manchester have additional aisles to the nave; Oxford to the 
choir. Chichester retains a detached bell-tower. At Wells, Gloucester, 
and York, the chapterhouse is on the north side. Canterbury has a 
circular chapel at the east end. There are crypta at Canterbury, York, 
Winchester, Rochester, Worcester, Hereford, Gloucester, and Ripon.” 
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The classification of the cathedrals given at page 9 is also 
worthy of particular observation, as a catalogue distiuguiabin 
the cathedrals of the old foundations from the conventua 
establishments of corresponding character, and those of the later 
institution by Henry VIII. 

Taking the English cathedrals first in order, Mr. Waloott next 
proceeds to like notices of those of Ireland and Scotland, each 
being preceded, as in the case of the English, by some very useful 
observations on the general architecture of each country in the 
way of introduction. Those relating to the Irish churches are 
particularly interesting, and we therefore give them extenso. 
Commencing with the several periods of Irish architecture, Mr. 
Walcott divides the same as follows :— 


“I, Native or Celtic style, much anterior to the incursions of the 
Danes or the Norman Conquest :—Churches of small size, like a Roman 
basilica shorn of its apse; rude massive buildinga oblong in plan, with 
triangular-headed small windows; pyramidal-shaped doors, and Cyclopean 
or Pelaagic masonry. This and the following style occupied the interval 
between the fifth and sixth centuries, and the year 1176. The early 
Scottish, Anglo-Saxon, and French churches of the sixth century were all 
parallelograms. It is remarkable that the Greek oblong temple, com- 
posed of a nave and shrine, like the Temple of Jerusalem, also consisting 
of oracle and nave, 116 ft, 3 in. by 37 ft, 6in., and 58 ft. 1} in. inheight, 
were both derived from an Egyptian original, The architect of the tem- 
ple on Zion was of Tyre, a Pheenician colony; and while the legend of 
Cadmus, a Phoenician and the civiliser of Greece, denotes a corres- 
pondence between those countries, the commerce of Tyre with the western 
isles is boldly asserted by many writers. These early churches, rather 
oratories than capable of holding a congregation, range from 20 feet to 
60 feet in length; they are aialeleas, rectangular, have no apse, and are 
never found in a sacs form; sometime they are provided with a small 
chancel, and occur in groupe, On Mount Athos, inother parts of Greece, 
and in Asia Minor, eiue, were usually built in groupe of seven, in 
remembranoe of the seven churches of the Apocalypse. "lke round towers 
are of this period, which lasted till the 11th century, but are continued 
until the 13th century. Their form was adopted in consequence of the 
difficulty of obtaining cut limestone for the corners. Their purposes were 
various; they have been variously represented as erring for a belfry, a 
beacon, a treasury, and a retreat for the prieste, In the 14th and 15th 
centuries, they were replaced by tall narrow square central towers. In 
the earlier towers the parapet is plain, with a range of holes instead of 
gurgoyles for letting off the water; in later buildings there are stepped 
battlements resting on corbels, 

The Saints’ houses, the beehive houses of Connemara, and the oratory 
of Gallerus, are of ‘‘Cyclopean masonry,” built of masses of rock, and 
vaulted with stone roofs; but the latter are of a later date, and are pro- 
vided with chambers. In St. Kevin's, Glendalough, the lower structure 
is of the 7th century. The upper tunnel vault was provided with riba, 
on which were laid the horizontal courses of the outer roof, which was 
built up straight to throw off the rain; this plan was also adopted in 
Cormack's chapel, Cashel, built 1127-34. The vault, upper chamber, 
and belfry are of the 12th century. 

The cathedral of Glendalough is full of interest as one of the earliest 
Irish structures. The east window and south door, however, are of the 
beginning of the 13th century. In the succeeding style of native archi- 
tecture, the roof became flattened, chevron mouldings were introduced, 
the arches received semicircular heads in place of triangular pediments 
or square lintels; windows became larger, and chamfered beadings ran 
round the inner arch, and the masonry was inferior. The peculiar cairn- 
like shaped door, formed of three stones, two jambs abe ing upward 
towards a horizontal lintel, lasted throughout the various styles, and took 
ita origin, like the round tower and Cyclopean ne in the stubborn 
nature of the building material. Within the pale the English introduced 
the Early English, after the Norman style. But the early architecture 
of the Isles, Northumbria and North Wales, hore a great resemblance to 
each other. Dublin appears to have been the architectural echool of 
North Wales later. 

II. Norman and Ostmen’s style:—remarkable for the absence of 
enrichment, and frequently of aisles, and the presence of continental 
features, and lasting longer in Ireland than in any other country. St. 
Bernard telis us, that when St. Malachy (O'Magair, bishop of or, 
1124), in the 12th century, replaced a wooden structure in Ulster by a 
church of stone, the Irish protested against it as a Norman and extrava- 
gant innovation, The bishop, however, merely introduced the use of 
hewn, in place of rough stone, and of mortar instead of mud. The early 
Irish churches were of timber. 

HI. The Lancet:—found mostly on the eastern side of the island, 
having been introduced by the English, though on the western side it 
seems to have been a native discovery, or a developed or Transitional 
Norman style. At Kilconnel a 
cloisters in Spain and Sicily. 

IV. The Later Pointed—has many continental featnres. 

The churches and monasteries were fortified, and rooms built above 
the vaulting and in the roofs. At Cashel Cathedral, of the 18th century, 


22 


cloister, 48 ft. square, resembles 
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the Castle forms the west end of the building, and passages communicate 
from it with the vaulting and the central tower. Holy Cross, on the 
road to Thurles, was at once castle and minster. A si combination 
of a baronial and ecclesinatical structure is found in St. Mary's Abbey, 
Crossraguel, in Scotland, where a rough square tower immediately 
adjoins some delicate architecture. The lesser cathedrals commonly 
appear to be of the 12th or 13th century.” 


The church architecture of Scotland, observing that the carliest 
churches “ were probably constructed of wicker work,” Mr. Wal- 
cott divides into four great periods, which he says were distinctively 
marked. “The first has many features in common with Ireland; 
for instance, ita round towers, sculptured crosses and tombstones, 
with the small size, and the combination of buildings in one 
inclosure. Brechiu, Abernethy, and Iona, offer the most remark- 
able specimens, At Iona, there is a priesta chamber over the 
aisle, a common feature in early Irish architecture.” 

The second period, our author says, “ Has at an early age—the 
twelfth century—a Norwegian character.” Later the influence of 
England continued to prevail (dating from 1070 to 1371), as it did 
“in ecclesiastical synod, constitution, and liturgy.” Subsequently 
to the latter date here mentioned, a continental character appears. 
Mr. Walcott enumerates several examples of either phase, and 
enters with considerable ability into a brief notice of the prevailin, 
characteristics exhibited in each—both as regards detail an 
general construction. 

A amount of very useful information is thrown together 
in Mr. Walcott’s book, and in a manner by which the acquisition 
of it is attained without extraneeus trouble. It is in this respect 
a very satisfactory addition to the architectural notices of our 
cathedrals. 

The * Minsters and Abbey Ruins’ Mr. Walcott deals with after 
the same fashion as that adopted in the Cathedrals, the salient 
points in each case are embraced, and all unnecessary verbosity 
avoided. He indulges by way of addition, occasionally, it is true, 
in the introduction of the legendary with the historical in some 
of these instances, but this is much to the long of his 
notices in a popular point of view, for most of us yet feel interest 
in the tales and traditions as well as the absolute facts of the 
past. It isto be regretted however that inaccuracies in respect 
to the heraldry, and a similar hurried compilation, are exhibited 
here as in the Cathedrals: the former is in many cases incorrectly 
given. The arms of St, Alban’s, for example, are blazoned as 
Azure, a cross saltire, Argent; instead of Azure, a cross, Or. 
And as respecta the latter the wording is sometimes very ]oose. 
For instance, spenking of Malmesbury Abbey, our author says, 
the Norman south porch “ has a door 19 feet square." The outer 
porch again he describes as “ 18 feet by 20 feet and 11 feet deep, 
and the inner porch, 17 feet bv 12 feet and 16 feet in depth." 
What is to be understood by a Norman door 19 feet square? and 
does the 18 feet and 17 feet, by 20 feet and 12 feet respectively, 
refer to width and height, seeing that the 11 feet and 16 feet 
respectively refer to depth? The horizontal superfices on plan 
can only be architecturally described by reference to the latter 
in connection with breadth; to what then does the intermediate 
dimension relate? Typographical and descriptive errors also 
occur: at page 42, Simon, Earl of Leicester, intended to be re- 
ferred to, is called Earl of Lancaster; at page 137, “the stone 
vaulting of St. George’s window,” should be St. George’s, Windsor. 
As to description, that of Doncaster Church, at page 172, is in 
many particulars incorrect. In that of Malvern Abbey, again, 
it is said, “the refectory is now a barn.” This has been removed 
now some years. These are matters which should be corrected as 
opportunity may occur, and which we have little doubt, from the 
great general intereat and value of the work, will be given. 


A Manual of Civil Engineering. By W. J. Macquorn RANEINE, 
C.E., LL.D., F.R.S., &c. London: Griffin, Bohu and Co. 1862. 

Prof. Rankine's name ia so well known in questions of engi- 
neering science, that this new production of his pen can hardly 
fail of meeting with a favourable reception. The volume consists 
of 780 pages, is illustrated with numerous diagrams, and contains 
several tables. ‘The work,” to quote the author's preface, “is 
divided into three parts, the first relates to those branches of the 
operations of engineering which depend on geometrical principles 
alone, that is to say, Surveying, Levelling, and the Setting out of 
works, comprehended under the general name of Engineering 
Geodesy, or Field Work. The second part relates to the properties 
of the Materials used in engineering works, such as earth, stone, 
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timber, and iron; and the art of forming them into Structures of 
different kinds, such as excavátions, embankments, bridges, &c. 
The third part, under the head of Combined Structures, seta forth 
the principles according to which the structures described in the 
second part are combined into extensive works of engineering, 
such as Roads, Railways, River Improvements, Water Works, 
Canals, Sea Defences, bours, &c. 

We have not space in our present number to do more than sim- 
ply record the appearance of the Manual, reserving for an earl 
occasion the more extended notice of its contenta, ithout a fu 
and careful examination, it would be impossible to do justice to a 
work comprising so much original research as well as compre- 
hensive study. In turning over the pages we find them to con- 
tain a large amount of instructive matter, very clearly arranged, 
and put into a shape readily available both to scientific and 
practical students. 


Examples of' Building Construction. Nos. 58 to 66 (elephant 
sheets) London: J. R. Jobbins. 

The parts under notice fully sustain the reputation this work 
achieved during the issue of the first two volumes; the third 
volume fs completed, and the fourth is progressing in a way that 
must greatly conduce to its value. The plates are well chosen 
and of practical utility. They embrace among others construc- 
tional working drawings from many important buildings recently 
erected by Messrs, Prichard and Seddon, R. P. Pope, R. Brandon, 
Messrs. Burnell, R. J. Withers, Measrs. Willson and Nicholl, &c., 
which may be considered as a guarantee that there is much in 
them that may be advantageously studied. The plates of the 
porches of Maindee church, and Archbishop Holgate’s Hospital, 
will bear investigation, and the staircases and screens from the 
latter building by R. P. Pope, in Nos. 62, 63, and 64, are designed 
with considerable chasteness and simplicity. Some effective 
gates by the same architect, are given in No. 65,—and the iron 
gates in No. 66, by Messrs Willson and Nicholl, to the New 

metery at Low Leyton, are bold and appropriate, and evince 
great ingenuity in their design. The separate staircases in St. 

ameg’ Schools, Marylebone, by the same architects, are excel- 
lently arranged, and carry out admirably their avowed intention 
of giviug separate entrances for the boys and girls, and with great 
economy of space. We heartily recommend the work as au ad- 
junct to the office of every architect and builder, who will find its 
contents very valuable as affording examples of every variety of 
detail connected with building construction. 


———,à————— 


NOTES OF THE MONTH. 


New School Buildings at Eton College—Great inconvenience 
having arisen from the insufficiency of school accommodation at 
Eton, a plan has been prepared by Mr. Henry Woodyer, architect, 
for new schoolrooms in accordance with the style of the other 
college buildings, which, as they will occupy a central position, 
are calculated to present a very beautiful and imposing ap 
ance. The building will consist of two wings, in the angle of 
which will rise a tower, which will be seen throughout the main 
street of the college. The new building will supply thirteen 
additional schoolrooms, for the use of the boys, at the cost of 
£10,000; the college having also undertaken to rebuild Mr. 
Waytes’ house, at a further expense of £6000. The greater 
of the sum required for the schools has already been subscribed. 
Her Majesty has subscribed £100, and his late Royal Highness 
the Prince Consort £50. Messrs. Lawrence, Brothers, of Wal- 
tham St. Lawrence, Berks, are the builders. 


Improvements in Rio Janeiro.—A prospectus has been iasued of 
the Rio de Janeiro City [Improvements Company, with a capital 
of £850,000, in shares of £25 each. The company have a con- 
cession from the Brazilian government for pus ape city of 
Rio de Janeiro on plans of Mr. Gotto, approved on behalf of the 
Brazilian Government by the late Sir W. Cubitt, Mr. Robert 
Stephenson, M.P., and Mr. Rendel, and which stipulates an 
anuual payment to be made direct by the imperial government 
to the company of £6 5s. per house. An absolute contract for 
the work and ite subsequent maintenance has been entered into 
by Messrs, Brassey and Co., on terms which, after providing for 
7 per cent. interest during construction, will leave a permanent 
net divisible protit to the shareholders of 8} per cent. 
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South Kensington Museum.—The plans of Capt. Fowke for the 
Great Museum at South Kensington are estimated at 214,000/.; 
m of which has been already expended. Of the need of such a 

ilding, it is only required to state that the Art-Museum is ob- 
taining objects, many of them inestimable treasures, at an average 
rate, including prints and drawings, of 1,500 each year, and has 
the loan of more than a thousand articles; amongst which have 
been, quite recently, the Devonshire gems and Magniac enamels. 
The Architectoral Museum alone contains 5,000 casts of the finest 
examples of the art, and is worth 3,000/, At Thames Bank there 
is stowed away a magnificent collection of casts from mediseval 
sculpture and ornament, made by Sir C. Barry for use as models 
for the Houses of Parliament decorations; 500/a year rent is paid 
for stowage. The whole cost about 7,0004. More thau one pri- 
vate collection of fine pictures is promised as soon as the nation 
makes decent provision for the gift. Some day or other the 
Soane Museum, so ludicrously managed now, that each visitor 
costs from 5s. to 7a. for his entry—must come hither; some of the 
Trustees are it is said assenting to this matter. At present the 
schools of the department are of wood, exposed to fire risks. 
The Female School is most unsuitably housed; and its officers 
located iu tumble-down houses. The Male Schools are in constant 
danger from fire; and the iron “ boiler” building (although well 
enough adapted for the display of casts and architectural modela, 
or coarse materials such as could be replaced or would take little 
hurt from the drip through its roof) being supported on cast-iron 
shafts, might, as the experience of the recent fire in Southwark 
proved, come down, as Braidwood described it, “like a dish-cover” 
immediately on water being applied to the shafts heated by fire. 

New Westminster Bridge. —1t is expected by Mr. Page, the 
engineer, that the whole roadway of the new bridge at West- 
minister will be finished in May next. The last vestiges of the 
old structure have now been dredged out, and all the arches of 
the remaining half, save the fifth and sixth, are completed. The 
two latter will have their crowns of wrought-iron girders bolted 
in in a few days, and as fast as each is Mood the buckle plates 
for the roadway will go down. Over these platea comes a packing 
of blocks of pine and asphalte, and over all the stone pitch- 
ing pavement of the road. Up to the present the eastern half 
has been entirely disconnected from that which is finished. It 
is now being joined by a number of short cross girders or sta 
pieces of cast iron, and over these, as soon as the timber scaffold- 
ing is removed, the plates and roadway will be laid, so as to form 
one complete structure of the two halves, When the two are 
connected into one rigid mass, it is expected that the vibration 
now experienced on the western and smaller half will xta 
disap Before the bridge can be opened, however, the half 
that is now finishing and closed must be entirely complete. A 
very broad foot pavement will be laid down with small handsome 
terra-cotta tiles, crossbarred in contrary directions, to give firm 
foothold, and these are to be edged in with a kerb of red granite. 
These terra-cotta tiles are coming much into use. It is stated, 
as the reealt of experience, that they are better, drier, more easily 
repaired, and more durable for passenger traffic than granite 
itself. It has been decided to place the tramways for heav 
traffic to and fro iu the centre of the bridge, leaving two Sad. 
ways of 20 feet wide on each side for the lighter vehicles. The 
side next the Houses of Parliament is completely finished, except 
some ornamental shields, that can be bolted into the Gothic 
quatrefoil spandrils of the arches at any moment. From this 
point, therefore, the effect of the whole structure can well be 
judged. The conventional street lamp-post will not intrude upon 
this thoroughfare, as handsome lamps and posta of cast-iron have 
been designed, in keeping with the main architectural features 
of the rest of the work, and all the iron portions of it are to be 
painted of à pale neutral tint, excepting only the ornamental 
shields before spoken of, which will be emblazoned with the arma 
of England and Westminster, in gold and enduring colours. 
Since the western half has been opened for traffic not the alightest 
sinking of the piers has taken place. When the entire bridge is 
finished there will be two footways of 15 feet wide each, two 
tramways in the centre of 7 feet 6 inches wide, and two road ways 
for the light traffic of 20 feet each. The extreme width of Lon- 
don-bridge is oniy 56 feet from parapet to parapet, or exactly the 
space of the roadway of the new bridge exclusive of footpaths. 

hen all is complete, the bed of the river is to be dredged out of 
rubbish, &c., some 10 or 12 feet below ita present level beneath 
the new arches. In a month or two more, for the first time 
within the last twenty years, the tide will fow unimpeded up 
and down the Thames. 
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Remains from Halicarnassus,— Among the remains brought 
from Halicarnassus is an alabaster scent-vase, eleven inches high, 
having upon it the name of Xerxes in two languages—one Egyp- 
tian hieroglyphics, and the other the arrow-headed characters of 
Assyria. It would seem to have been buried by Queen Artemisia 
in the celebrated mausoleum, the tomb of her husband Mausolus, 
as one of his most valued treasures. 


Restoration of St. Mary's Church, Youghal, Cork.—This church 
has been recently restored. It is one of the largest, most ancient, 
and beautiful in Ireland, erected in the thirteenth century, most 
probably by Lord Thomas De Clare, son of the Earl of Hertford, 
on an ecclesiastical foundation still more ancient. It wus re- 
edified by Thomas FitzGerald, Earl of Desmond, in the latter 
pr of the fifteenth century. It is perfectly cruciform, and of the 

rly Pointed style of architecture, consisting of a choir, two 
transepts, a nave, and aisles, having a lofty tower of Norman 
foundation adjoining. The choir, which had been a ruin for 
mauy centuries, is now very beautiful, and its eastern window is 
grand in its dimensions, admirable stone tracery, and rich decora- 
tions of coloured glass, exhibiting an unusual number of armorial 
bearings. The monuments, also, are numerous and interesting, 
some very ancient. The roof of the nave is of massive Irish oak, 
of at least five centuries’ standing, aud in the walls on each side 
are six lofty pointed arches, the angles of which are faced with 
hewn stone. A modern lath-and-plaster ceiling, in accordance 
with churchwarden taste in general, had concealed this noble 
roof for a great number of years, and hideous galleries had occu- 
pied all the arches. The pulpit is richly carved in the style of 
the fourteenth century, and the baptismal font and sedilia are 
beautiful specimens of their eanly period. 


Safety Haven for Miners.—Mr. George Walcott, C.E., suggests 
the following with reference to the late deplorable accident at 
Hartley Colliery. He says :—“ Colliery proprietors are now im- 

with the necessity of having two shafts to every pit, or at 
east a staple (communication) between upper and lower seams of 
coal, the want of which caused the fatality during the late 
tragedy. Permit ine to suggest another safety-valve, which would 
protect the lives of miners. A brattice (division of a shaft) 
occasions generally sutficient ventilation in & pit to enable men 
to work in any part. When a brattice is disarranged the upward 
current of gas and downward passage of air cease, and probably 
at the same time the mode for pitmen leaving is ungeared. Im- 
prisoned miners should then have the facility of escaping to 
repared places in all the seams, where they might safely assem- 
Pie and wait for relief. This object could be secured by imbed- 
ding under the casing that surrounds the perpendicular sides of a 
shaft a diaphragmatic or a double concentric pipe, laid from the 
outer air to the spots chosen as “ havens of safety,” which would 
thus ventilated perfectly distinct from and independent of the 
mode adopted for the rest of the underground workings. At each 
of the prepared places facility should ba afforded for closing the 
branch pipes in seams where no men are staying. Particular 
rooms in uildings are often ventilated in a something similar 
manner.” 

New Roman Catholic Church, Rusholme, Manchester.—This 
edifice has just been erected in Thurloe-street, Rusholme, one of. 
the suburbs of Manchester. The edifice is wholly built exter- 
nally with Yorkshire stone “ parpoints” and dressings of Hol- 
lington stone, and consists of a nave and side aisles,with aspidal 
chancel, and a lady-chapel at the extremity of its south aisle. A 
tower at the south-western angle serves as a porch, and it is 
intended to be crowned with an octangular spire about 130 feet 
high. The style of architecture is Geometric Middle Pointed, 
the details being treated with considerable originality. Inter- 
nally the building is about 95 feet in length by 46 feet in width; 
the nave and aisles separated on each side by six cylindrical piers 
of polished Aberdeen granite, resting on octangular bases of white 
Sicilian marble. These piers support the arches on which rest 
the clerestory and roof of the nave, the aisle roofs abutting 
against them, aud divided into bays by internal flying buttreases 
‘of brick, so designed as to present a continued series of trans- 
verse arches, seen from either extremity of the aisles. The high 
altar will be of Caen stone, having pillars of serpentine, and a 
rich tabernacle and canopy. The church will seat about 600 
worshippers, and its cost (exclusive of fittings, but inclusive of 
the spire and architects commission) will be about £3200, 
£1000 of which is the gift of two brothers, Messrs. B. and P. 
O'Conuor, of Rusholme. r. Edward W. Pugin is the architect; 
and Mr. John Eaton, of Ashton-under-Lyne, the builder. 
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New Schools at Long Ashton, near Bristol—The new parochial 
schools for Long Ashton were opened on the 22nd January. The 
new building comprises a boys’ and girls’ school, with two fine 
classrooms, cap and cloak rooms, and a master’s house. It has 
suitable playgrounds, and the whole is surrounded with hand- 
some railings in front, and neat fences at the sides and back. 
The erection is in the Early Decorated style, of Naiisea Pennant, 
with freestone dressings, and is ornamented with a handsome bell 
turret, supported with polished Purbeck marble columns, with 
carved capitals. The masonry is of the best description; the 
details have been carried out with much care and fidelity. The 
architect is Mr. J. Wilson, F.S.A., of Bath. Each of the rooms is 
light, airy, and well ventilated. The boys’ schoolroom has an 
open roof, and is 50 feet in the clear by 20 feet, and is lighted by 
seven triple-light windows and a stained rose window. The 

irls’ schoolroom is 48 feet by 18 feet, and has three large triple- 
ight windows. The builders are Messrs. E. and J. Tucker, of 
Ashton. 
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CLASSIFIED LIST OF PATENTS SEALED IN FEB. 1862. 


Arrangements are in progress hy which increased facilities, In connection with the 
management of this Journal, will be afforded to Inventors for securing valid Patents. 


1943 Brooman, R, A.—Locks and keys (com.)—August 5 
1998 Wigzell, M.—Manufacture of screws and nails—August 10 
1999 Wigsell, M.—Manufacture of nails, spiral throughout or iu part—August 10 


1959 Silvester, F.—Improvement in watches—August 6 
2118 Coathorpe, H. B.—1mprovements in timekeepers—August 24 


2182 Peltier, E. —Irmprovement in mauufsctare of metallic bores—August 27 
1933 Chatwin, H.—Ornamenting card, pin, and nesdle causes — August 9 


2009 Jacob, J.-Improvement in gilding porcelalu and ceramic wares —August 18 
1957 Newton, A. ¥.—Reversible sesta (com.)—Angust 6 


2026 Wilds, W.—Improvements in ventilatIng—Augast 14 
2120 Jones, R. — Heating and ventilation— august 28 


3124 Bell, W.—Cooking-ranges - December 13 
2037 Billing, Jas provement in stoves—December 14 
2053 Bennett, W.—Fuel for lighting fires—August 19 


2045 Hull, H. C. — Fireproof buildings—August 17 


2244 Birkbeck, G.H.—Improvement in saddios (com) September 7 
2575 Adams, J. J.—Flexible backed horae brushes —October 19 


2070 Ellis, J.—A pparatus for assocting corke into sizes—Auguat 20 
8081 Bousfield, G. T.—Stopper for bottles, jars, &c.—Deceinber 3 


2066 Emes, H.—Improvement in dress fastenings—August 20 

2109 Player, W.D. -- Improvement In linen buttona— August 23 

2556 T , G.—F'astenings for stay busks—October 13 

2004 Salomona, A.—. roved bodice skirt (com.) — Augüst 12 

2086 Desborough, S. — Improvement in umbrellas and parasols— August 15 


2224 Mennons, M. A. F.— Motive power in conneetion with the Archimedian screw, 
(com. )—september 6 


2061 Pedrick, T.— Application of water as a motive power—Angust 19 
1952 Toluhasen, F.—Improvement in increasing the effect of motive power — Angust 6 


2068 Ingram, G.—Trams in connection with wheels for common roads—August 20 
199Y Barclay, A. —Machiuery for raisiug or lowering heavy weights— August 10 
1990 Godwin, R. A.—Improvement in pumps—August 9 


1953 McMorran, J.—Machine for mincing meat—August 6 

2665 McCall, J.— Improvement in preserving articles of food—October 24 
2067 Brooman, R.A.—Preserving articles of food — August 20 

8005 Labaume, J. A.—Refrigerating machines—November 28 

2186 Muller, W.—Roasting coffee, cocoa, &c,— September 1 


1981 Mott, A. J.—Improved vent for beer and other caaks— August 9 

1941 Seiler, F. —A method of overleaping low levels — August 5 

2092 Graham, T.—Construction ot boats and other floating struotures—August 21 
2017 Rippingille, E. A.—Improvements iu steam engines—August 14 


1948 Gallway, W., Gallway, J.—Improvements in steam boilers—August 6 

2258 Barre, L. P.—Tubular steam boller—September 11 

2108 Elson, S.— Heating feed water of steam boilers—A ugust 23 

2961 Newton, A. V. —Preventing steam boilers from incrustation (com.) —November 25 
2130 Attwood, H.— Cleansing and feeding boilers— August 26 

2118 Bousfeld, G. T. —Improvements in feeding boilers (com:)—August 28 


2222 Mennons, M. 4.—Smoke consuming furnaces (com})—September 6 
2900 Parry, @.—Improvements in the manufacture of iron and steel - November 18 


2197 Bischof, @.—Improvements in extracting copper and silver from ores—Sept. 8 
2102 Baines, W. —Improvements in the construction of girders BR ge dran 22 

2130 Russell, J. J.—1mprovements in attaching welded tubes to fixed plates—Sept. 6 
8066 Russell, J. J.—Improvement iu manufacture of taper tubes—December 6 

2524 Russell, J. J.—Hand stocks and dies—October 9 


2201 Bowns, J.—Rallway brakes (com.)—feptember 4th 
1996 Clarke, W. 8. T. —. way brakes— August 10 
2069 Whittaker, 5.—Railway signals—August 20 
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2188 Clark, W.—Railway signals (com) —September 2 

2174 Pemberton, C. —Railway and other sigaala —August $1 

2234 Henry, M.— Railway telegraph signals (com)—8September 6 

2725 Cook, W.—Improvements in printing telegraphs—October 30 

2810 Berard, A. B. metals from their ores—November 8 

2034 Edwards, E.—Improvements in apparatus for purifying mineral ores, &c.— 
August 14 


2104 Whitworth. J., Wilson W.—Improvementa in sights for smail arms and ordnance-- 
August 28 

2042 Marcott, T., Hansom, C.—Improvements in breech loading fire arma—August 16 

2284 Newton, W. E.—lmprovements in guns (com.)—September 18 

2453 Wyley, A.—Fire arma—October 2 


2868 Bousfleld, G.T. — Manufacture of soap—November 18 
2162 Matthews, J.3.—Manufacture of starch —August 80 


2058 Smith W.H.—Manufacture of peat—August 19 


2029 Carey, S., Morgan, W.-—Improrement in reburning anlma! charcoal—Angust 15 
2082 Martin, J.C.—improved method of treating bones and their producte— August 15 


2074 Lambert, R.S. —Vessel for removing boiling liquids from pans &e,—Augus 20 


2012 Remy, J.G.—Utilizing the waste of the cedar tree —August 18 
1928 Schins, C.—Improvements in glass furnaces—Angust 8 
1966 Webb, T.G.—Improvement in the manufacture of articles of glaes—August 7 


2088 Mennons, M. A, F.— Presses for lithographic printing (com)—August $0 


2268 Mennona, M. 4.F.—Manufacture of paper pulp (com)— September 12 
2108 Richardson, T.—Improvement in faanuriare, of paper—august 23 
2096 Johnson, J.H.—Manufacture of pulp for paper (com;—August 22 


1984 Prince, A.—1mproretnent in palate plates for teeth (com)—August 3 
2065 Fitkin, W.—Improved apparatus for extracting teeth —Anguat 20 


2064 Rostaing, , À.—Improrement in spectacles — August 20 

2088 Clark, W. —Improvement in optical and illuminating apparatus (com)—Aagust 71 
2676 Schalkenbach combination of keyed and percussion musical instruments -Oct, 25 
2152 Jewell, P.—Improvement in oonoertinas —August 29 


2159 Jaille, A.— Manufacture of manure—A august 80 
2043 Balmain, W.H.— Manufacture of salta of potash —November 28 


2123 Nye, E.—Improremeut in enemas and such like lustrumenta—August 26 


2057 Cathels, E.5.—Oompensating meters — August 19 

2607 Webster, J.—Manufacture of oxygen gas—October 19 

2075 Gye, ¥.—Gasometors — August 20 

2071 Somervi le, J. Pale gas and water maius—August 20 

2692 Stevens, C.—! of detecting the leakage of plpes &0,—October 26 


2086 Salamon, N.—Sewing machines ‘com)— August 21 
2086 *alamons, N.—<ewing machines (com.) — August 21 
2115 Driver. J.— Washing machines —Auguat 24 

2143 Guiness, W, $.—sewing machines — August 28 


8093 Newton. W.E.—Improved knapsacks (com) —December 10 
2114 Hyams, M.—Manufacture of smoking pipes —August 24 
1223 Mennons, M A.F.— Ribbon looms (com)—September 6 

2954 Lowry, G.—Carding and ing machine — November 25 
1989 Gray, J. — Improvements in males for spinning —August 19 
2015 Cooper, B. —Spinning machinery— August 13 

2008 Horner, J. C.—Lmprovement in loome— August 18 
2267 Mennons, F.—Lace machines (com. )— September 12 


2126 Tolhausen, F.—Artificial fur worked in the loom (com)—A 26 

$153 Davies, E.—Improvement In manufacture of textile material (oom) -—December 16 

2166 Bishop, J.—lmprovement in manufacture of velvet &c,—August 80 

2038 Kesselmerer, C. Tee in manufacture of velveta, &c. — August 15 

2048 Livesey, J.— Textile fabrics for embroidery and trimmings—August 16 

2094 Kano, J.— Preparation of fibres for yarn or thread —August 21 

3011 Andrew, 8., Hornby, 3.—Cleaning and preparing cotton-- August 18 

2047 Sutton, E. — ing and preparing cotton— 4 uzuat 17 

1968 Eastwood, J. aud J. C.—Converting waste fibrous material into yarn for spinning 
—August 8 

2148 Corbett, S. — Crashing and grinding machines— August 29 

2078 Fisher, N. —Improved implements for cultivating land —August 20 , 

2554 Perman, C.—Implements for cultivating hard soi— ber 20 

2516 Newton, A.V.—Grain and grass harvester (com)—October 16 

2060 Firth, W.—Improved implements for cultivating land — August 19 

2169 Henaman, W.—Steam ploughs—A ugust 31 

8047 Carr, A.T.—Improvement in horse shoes -December § 

1993 Stocker, 8. A. Stocker, R.A.—Improvements in horse shoes & boot heele—Aug 10 


2107 Childs, A.B.—Dreasing of mill stones (com) - August 3 


2117 Cranston, J.—Improvements in constructing conservatories & large sheds—Aug 24 
1982 Moody, C. P.—Improvement in manufacture of gates—August 9 


1950 Wappenstein, R. -Improvement in cop tubes and roller oorers—August 6 


2089 Murat, J. M.—Mannfscture of military bat tufts —August 21 

2168 Clark, W.—Improvements in manufacture of shirte (com ) - August 80 
2124 Lecbéne, A.—Imitation of lace and etnbroidery—August 26 

2140 Grange, A.— Manufacture of sbirt cllars, cuffs, fronta, &c. - August 28 
2262 Birkbeck, G. H. — Improvement in needles (com.)—September 12 


2100 Casella, L. M. — Mercurial thermometer— August 22 
2135 Azémar, J. C. C, — Instrument for facilitating the practice of the drum —A ugust ?T 


2295 Jenning, H. C.— Preparing hides and akins —"^eptember 14 
2087 Me A. F.—Improvements in tanning— August 15 


2686 Sicard, J. L.—Machine for purifying and weighing grain —October 26 
2738 Williams, W. J. -Improvements in weighing poachinee-Novaniber 1 


2163 Newton, A.—Machinery for cleaning rice and other grain, (com.)—August 29 
2220 Greenwood, T.—Wood sawing machinery—September 5 
———dÁáf-——— —— 
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SUBURBAN VILLA, WEETWOOD, NEAR LEEDS. 
; (With an Engraving.) 
Tuis Villa, of which we give a perspective view and ground 
lan, is now in course of erection at Weetwood, near Leeds, for 
enry Oxley, Esq., banker, of that town. The plan shows the 
. accommodation and arrangement of the principal floor, which 
comprises entrance-hall, staircase saloon, 21 feet by 21 feet; 
dining-room, 98 feet by 18 feet; drawing-room, 25 feet by 17 feet; 
breakfast-room, 22 feet by 17 feet; waiting-room, store-room. 
butler’s pantry, housemaid's closet, plate store, larder, kitchen, 
17 feet by 17 feet; scullery, 17 feet by 16 feet ; washhouse, stables, 
and other out-buildings. The staircase saloon is lighted by a 
central ceiling-light; the staircase is of stone; and communication 
is made to the principal bed-rooms on chamber floor by a spacious 
llery. The chamber floor comprises six principal bed-rooms, 
ressing-rooms, closets, bath-room, water-closet, and housemaid’s 
closet; attics are also provided for servants. At the entrance to 
the grounds it is intended to erect a lodge, and recessed carriage- 
gates and piers. The building is faced with Potternewton wall- 
stone, and Weetwood sandstone dressings. It is from the designs 
of Mr. William Hill, architect, Leeds, and is being carried out in 
a very satisfactory manner, under his superintendence, by Messrs. 
J. and B. Pounder, of Leeds, The estimated cost of the buildings, 
iucluding lodge, entrance-gates, atables, &c., is £3700. 
REFERENCES TO GROUND PLAN. 


A. Entrance hall and cloak-room. ; M. Washhouse. 

B. Staircase saloon. N. Coals. 

C. Breakfast-room. O. Kitchen-court, 

D. Dining-room. P. Dust. 

E. Ante-room. Q. Hen-roost. 

F. Drawing-room. R. Watercloset. 

G. Store. S. Stable court. 

H. Housemaid's closet. T. Mistal. 

I. Kitchen. V. Stable. 

J. Larder. U. Harness. 

K. Safe. X. Coach-house. 

L. Seullery. t | Y. Loose box 
————ÀÁ————— P 

THE BUILDING FOR THE INTERNATIONAL 

EXHIBITION. 


Tuis greet undertsking has advanced rapidly since our last 
notice of it, and vet now, within a month of its opening, the 
amount of work still remaining to be done appears overwhelmin, 
—especially in the prepararon of counters, fittinggs, and al 
other ents for the display of goods. 

The building however is far advanced, and it becomes ible 
to form a judgment upon its interior effect without much liability 
to error, while externally it is for all purposes of criticism eom- 

lete. The unfavourable opinion expressed by us from the first 
(Journal for April 1861) is—we say it with regret—fully confirmed 

y the appearance of the building as seen from any adjacent 
spot, and worst of all, as seen from the spot when:e it would be 
desirable that it should show to greatest advantage, namely, the 
upper part of the Horticultural Gardens, The domes especially 
show singularly the desirableness of qualifications in the designer 
of large ornamental features, which seem, naturally enough, not 
to have been possessed by the author of this design. We mean 
the faculty of judging beforehand of the effect of certain forms 
when seen at a height above the eye and in combination with 
adjoining features, Any real architect would have both foreseen 
and avoided the distortions of outline to which these unhappy 
domes are subject as the spectator changes his point of sight; distor- 
tions so remarkable, as in themselves to be worthy of some study 
and attention on the part of professional men, as examples of what 
to avoid. 

The felt covering of the exterior of the roofs, has now had a 
covering of zinc superposed over it, which will we hope, secure 
the interior from serious leakage, although the building is not 
yet thoroughly water-tight. The scaffolds on which the domes 
were erected, and which were retained to facilitate the painting 
of them, are now being struck; from their massive character, 
this is a very long process, and it will not be quite completed for 
some little time; the preparations for laying the floors under 
these domes are, however, fust advancing, and the raised floors, 
which it will be remembered were proposed to be formed there, 
promise to form very effective features. Except in parts of the 
nave, where much heavy work is being done in the way of pre- 
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paration of foundations for trophies, fountains, &., the floors 
throughout are nearly all laid, and are covered in all directions 
with unopened packages of goods. A wilderness of wooden 
partitions, to afford hanging room, is springing up in various 
directions, while in other spots the localities for such erec- 
tions are distinguishable, set out upon the floor in red lines. 

The most interesting novelty however to & visitor entering 
the building after an absence of a few weeks, would undoubted] 
be the coloured decoration of the interior. This it was decided, 
after numerous experiments and considerable consultation, to 
commit to the experienced hands of Mr. Crace. 

Without for a moment asserting, or supposing that this colour- 
ing will be pronounced so brilliant a success as that of the Exhi- 
bition of 1851, done by Mr. Owen Jones, we cannot but recognize 
Mr. Crace's work as in the main successful, and as having toa 
very great extent done good to the internal effect of the building; 
though we cannot help expressing regret that the same cause 
whic provenite recourse being had to the best sources for advice 
as to the design of the building, or a similar one, should have 
deprived us of the services in ita decoration of Mr. Owen Jones, 
undoubtedly the first colourist of this, perhaps of any nation. 

The colouring of the nave-roof is of course one of the most 
important features of the work, and is the one which can be best 
judged of at the present moment, as the domes are still y 
filled by scaffolding, which interrupts the view both of them- 
selves and the transepts. 

The boarding of the roof is painted a light and delicate pearly 
gre, the purlins are white, slightly relieved by red patterns, 
and between each pair of trusses three bands of light red, with 
a little ornamental scroll-work, in the same colour, not occupying 
too much of the plane surfaces, are carried across the ceiling. The 
polygonal ribs of the trusses have a sort of billet moulding in 
black and white on their soffits, forming a continuous line, while 
their sides are coloured with alternate lengths of red and blue— 
upon which a rather too elaborate and busy pattern is executed 
in lighter lines of colour. The columns from which these ribs 
spring are of a lizht sage green with a tinge of bronze, and have 
vertical lines in yellow; a little gold is introduced in the capitals, 
and a little decided colour on the bases, bands, and àt one or two 
other points, while the ornamental balustrade forming the fronts 
of the galleries is coloured of a tint to correspond with the 


' columns, heightened with gold on the prominent parts of the 


pattern. 

One principal aim of any colourist would have been to attempt 
to give as great an air of height to the roof as possible, and here 
Mr. Crace has been decidedly successful, perhaps as much so as 
possible. He has also adopted a very happy and simple expedient 
for producing a blending of colour, in painting his ribs &o that 
when seen in perspective, the red portions of one are seen close 
to the blue portions of the next, and so on alternately; one of 
those methods the very obviousness of which might have 
made a less less experienced hand overlook it. It seems a matter 
of doubt whether more positive colour ought not to have been 
put on to the columns, so as to carry the line of colour down to 
the ground, this however is a matter which could easily be done, 
if, as the building approaches completion, it appears to be 
needed. One unfortunate result has, however, followed the 
method of colouring in lengths adopted for the ribs, a result 
we much regret. These lengths coinciding as they do with the 
boards of which the ribs are formed, destroy them entirely as 
apparent semicircles. Before being coloured however, these ribs 
really had the effect of being curved, without the difficulty or ex- 
pense of being made so, and it is very unfortunate that the 
colouring has destroyed this illusion, which was one of the great 
merits of the roof. 

The domes and transepts internally bid fair to be more etfec- 
tive than the nave; though, as we have said, they cannot yet be 
so well judged of. A broad band of blue, with an inscription in 
letters of noble height and size, runs round the drum imme- 
diately below the s ringing of the dome. The spandrels below 
are mainly of a du , and have large circles painted in them, 
each occupied by a figure. These medallions have been executed 
by Mr. H. Burchett and his pupils, at the South Kensington 
School of Art, in the short space of a fortnight. 

The great arches are encircled by a broad band of sage green— 
a good deal broken however, as are the spandrels, by lines of 
colour. The transepts present a considerable amount of wall- 
space, which is coloured a dull red, of a moet satisfactory shade, 
and one that throws up the colours above it extremely well. We 
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have only to add, that the ribe of the glass dome, and the solid 
centre, are also painted; but, owing to the light which floods in 
past them, they are but dimly seen, and of course the brighter 
the day the less apparent they will be. 

The courts and annexes appear to have been designedly coloured 
as unobtrusively as pe pale sage green on the columns, and 
light secondary and tertiary greys, with a very sparing inter- 
mixture of positive colour is here employed, and the result is a 
very diffused, quiet, but light neutral tone. The columns how- 
ever are decidedly too pale, and do not stand out enough from 
the grey shadows behind them, and the oblique lines of the roofs 
seen across them, the consequence of which is that a very unsatis- 
factory ap of crookedness, the result of optical illusion, ig 
to be seen in some of the courts. This excepted, however, the 
courts, airy, roomy, and light, seem to leave nothing to be desired. 

: In concluding these remarks, we must first observe, that the 
tones, tints, and shades of colour throughout are chosen with 
great judgment, and with a careful regard to the laws governing 
the harmony and contrast of colours; and, secondly, that the 
diffioulty of the work, and the consequent merit of it, have been 
Materials increased by three circumstances of unusual occur- 
rence; the first, the vast magnitude of the surfaces to be dealt 
with ; the second, the short s of time in which the whole had 
to be designed and arranged; and the third, the disadvantage 
that it has been impossible for the artist to form an opinion of the 
resulta of his work, by actual inspection of them, till a period 
when it had become impossible to introduce any modification, 
improvement, or correction. 


——— —— 


THE ALBERT MEMORIAL. 


TRE natural manifestation of sorrow for the public loss sus- 
tained by the decease of Prince Albert, and of sympathy for the 
private ba of the Queen, has we believe, no parallel for its 
unanimity in the history of England. It was natural and proper 
that this public sentiment should seek to record iteelf in a 
monument worthy of the Prince; and it was natural and proper 
that the Queen herself should be consulted as to the design of the 
memorial. The Royal wish that the intended monument should 
be an obelisk may without presumption be attributed in some 
degree to a supposition, encouraged by the press, that such a 
suggestion would be ble to public feeling. 

e have no intention of criticising the suggestion. If it be 
not the best that could be made, it has yet considerable merits; 
and even if the merits were less than they are, the affecting cir- 
cumstances in which the selection was made would silence the 
voice of criticism. 

But it will not be inopportune to consider some of the princi- 

les which ought to govern the designs of monuments generally. 

hat isa monument? If it be a monument and nothing else— 
if it be not made to serve some secondary utilitarian purpose—it 
is a Structural record of some past event. It is obvious that the 
chief requisites of such a structure are expression, durability, 
conspicuousness, and artistic excellence : expression, because the 
monument has to tell a story; durability, because it has to tell 
the story to remote ages; conspicuousness, that the story may be 
proclaimed publicly; artistic excellence, because no permanent 
nean should be without that merit. ink 

wo of these requisites an obelisk possesses in a high degree. 
It is usually very durable and very conspicuous. To the quality 
of expression also an obelisk has some claim. Its form shows 
that it is a memorial of some event, for it is obviously adapted 
to no other purpose. Tv designate the particular event intended 
to be recorded, this, like all other kinds of monumenta, requires 
the accessories of sculpture or inscriptions. 

The quality of artistic excellence is made up of sò many 
elementa, that the judgment of mankind with respect to the 
artistic merit of any work of art varies accordingly as men give 
predominauce to this or that element. The least-educated judg- 
ment gives preferenoe to the most costly and elaborate works. 
There is something gratifying to every taste—and especially to a 
vulgar taste—in seeing in a work of art evidences of great cost 
and labour. This merit is not to be under-estimated simply 
because it gratifies the uneducated as well as the educated taste. 
For the taste is reasonable; it is reasonable that a monumeut 
should be custly because it is a tribute of gratitude, and the 
gratitude is not earnest which pays its tribute parsimoniously. 

But the costliness of an obelisk is, though a merit—a merit 
of the lowest kind: that costlineas arises from the necessity of 
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transporting a great stone from a distance, cutting it into a very 
simple form, and erecting it, In all these operations there is very 
little of mental labour—or at least of mental labour exclusively 
appropriated to the occasion. Almost all the labour bestowed is 

ysical, and may be represented by so much steam powen 
t 1s true, there must be some engineering skill employed, but it is 
of a kind not peculiarly required for this one work and no other. 
The engineering contrivances wanted for erecting an obelisk are 
the same as those which would be required for moving other 
great weights of the same form; and it would clearly be as un- 
reasonable to reckon these contrivances as special merita of the 
obelisk, as to put to ita credit the thought and science which 
invented the steam engines which will be used to move it, shape 
it, or polish it. 

If we regard it historically, the obelisk is only a simple im- 
provement of the rudest of all monuments—a single nnsculptured 
stone—such probably as the pillar which Jacob set up at Bethel. 
The artistic merit of these and similar structures, such as the 
Druidie, simply depends on the amount of labour involved in 
their erection; and that merit is leas and less as machinery becomes 
more and more efficient to save labour. 

It is true that the sculptural accessories of an obelisk may 
display any amount of mental labour and artistic design. But 
the merits due to this cause are no part of the merits of the 
obelisk, for they might exist if the same accessories were com- 
bined with a different monument. There are no sculptural 
as far as we are aware, that are specially appropriate to an obelisk. 
On the contrary, there are special difficulties in combining an 
obelisk with statues on account of the excessive disproportion of 
their respective heights. 

If, however, the artistic merit of an obelisk be not very great, 
it at least has this recommendation—that it does not groasly 
violate the principles of good taste. Experience teaches us that 
in London such an advantage is of great value. A monument 
which is not positively offensive becomes, by comparison with 
those which already exist in London, positively meritorious. The 
metropolitan monuments are objectionable, pot merely by faults 
of execution, but also by inherent defects in their designa. They 
are principally uncanopied statues and isolated columns. The 
latter are architectural soleciems, for the form of columns is so 
manifestly contrived for the support of superstructures, that a 
column without a superstructure reveals itself to be a thing out 
of place. Again, uncanopied statues are in our climate at least 
objectionable, not merely because of the absurdity of honouring 
a man by exposing his unsheltered effigies to every pitiless storm, 
but also because the statue must be impaired and ultimately 
destroyed by the exposure. The erection of uncanopied atatues 
im this country we believe to have been never practised until after 
the decay of our national architecture. The builders of our cathe- 
drals placed their statues under canopies or in recesses; their 
delicate sense of propriety would have been shocked by the 
barbarous and irreverent treatment of statues to which we are 
now accustomed. If we mistake not, there is not a single instance 
of a medieval uncanopied statue. 

There is not in this country any form of out-door monuments 
free from all the defects above referred to, except the ancient 
Gothic “ crosses,” such as those erected by Edward I. to the 
memory of his queen, one of which—a very beautiful example— 
remains at Waltham. In these so-called “ crosses ” there is such 
a combination of architecture and sculpture as satisfies most 
completely all the essential requisites of a memorial. The cross 
is susceptible of infinite variety of design, magnitude, costliness, 
and decoration; it is durable, asthe existing examples prove; it 
tells ita story quite as intelligibly as an obelisk; and, probably, in 
a future generation, when the affectation of pagan forms is 
out of date, will be considered infinitely more beautiful. 


ee 


THE ARCHITECTURAL EXHIBITION 


In this important year, when, on a second occasion the world’s 
gathering is to be assembled in our metropolis to do honour to 
an International Exhibition, it is satisfactory to believe that the 
claims of others, which about this time are accustomed o make 
their annual appearance, have not been forgotten, although for 
the nonce they must expect to shine with diminished luatfe in the 
face of their more absorbingrival. Great efforte are being made, 
weare aware, in order that Architecture, among other fine arta, may 
be worthily represented at Kensington; but we are glad to see 
that the walls of the Conduit Street Galleries are none the less 
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bare on that account, and that in some desirable respects this exhi- 
bition has made a atepinad vance towards becoming a more genuine, 
as well asa more useful, institution. In one department, however, 
there appears a deficiency which gives cause for regret. The 
space usually allotted to the display of materials, and of practical 
works, patenta, &c. has been aparan this year less in demand 
qe ly owing in a great measure to the cause to which we have 
y sdverted), while there is also a decided lack of novelty in 
the general character of the articles exhibited. Of course it is 
not to be presumed, or even wished, that this department should 
present an entirely different aspect on each successive season ; we 
are ouly too glad to welcome the continual revival of those old 
and well-tried objects which cannot be placed too often or too pro- 
minently in view, especially the many economical and sanitary 
contrivances which have been devised of late, and which are to 
the public at 80 inestimable a boon. Still, we cannot close 
our eyes to the fact, that this portion of the Architectural Exhi- 
bition does not keep pace with the march of improvement out of 
doors; that either inventors are not sufficiently alive to the expe- 
diency of thus making their products known, or that visitors to 
the galleries have been tardy in recognizing and encouraging 
such efforts as have from time to time been praiseworthily made. 
Now, whichever be the true cause (and there may be a blending 
of both), this is a state of things that ought to be remedied, for 
the well-being not feret of the exhibition itself, but also of the 
parce who it is intended shall be mutually and more imme- 
iately benefited by the plan. That the scheme has thus worked 
well no one can deny: that it is capable of producing much 
greater results is equally incontrovertible. Let, then, our men 
of science and skilful artificers not so much overlook the oppor- 
tunity in future. 

Reverting, however, to the Exhibition generally, and glancing 
at the eatalogue, it is at once evident that our country friends 
have put forth greater strength than heretofore, while that in 
point of merit, as well as numbers, not a few of their works 
prove moet, valuable and acceptable contributions. In the matter 
of recent, competitions, too, the drawings, which are liberally 
poatied over the walls, have been gleaned from various parts of 
the kingdom, and the means hereby afforded for duly comparing 
them one with another is one of the many evidences of the 
utility of the exhibition we are now commending. Among such 
competition subjects, designs for which are more or less elucidated 
in the present collection, may be mentioned—the Town Halls for 
Northampton, Hull, and Tiverton; the County and Borough 
Halls, Guildford; the Devon and Cornwall Bank; the Agri- 
cultural Hall, Islington; Bath Markets, &c. Then again, the 
“Architectural Publication Society,” and the “ Architectural 
Association,” display, as usual, broadsheets of subjects, selected 
from those issued during the past year, while numerous large 
cartoons for stained glass, and a few smaller ones, interspersed 
among the ordinary pictures, serve to vary aud enliven the 

eneral effect of the whole. Decoration, as such, would seem to 
less represented than formerly, though on the opening night 
some beautiful specimens, lent for the occasion, and more par- 
ticularly one, in which colours of the most vivid as well as sombre 
hues had been successfully transferred to a ground of pure white 
satin, were the theme of general comment and admiration. 

One feature, in which the present exhibition differs from ita 
predecessors, is due to the now almost universal application of 
epe uibs reproducing drawings, aud fac-similes of the effect 

sculptured and other works in relief. While fully sensible of 
the advantages which cannot but accrue to the cause of art by 
the liberal use of means such as these, when pursued in the right 
direction, we must take care that ite facile assistance does not 
induce a laxity or carelessuess among those to whom the practice 
of freeband drawing, and the power of ready expression of 
ideas either by pen, pencil, or brush, should be in constant 
exercise, There is an evident danger of this, and, as in some 
degree corroborating our apprehensions, we need only direct 
attention to the large ratio which the photographs on these walls 

to the more old-fashioned, yet (we venture to assert) more 
legitimate modes of representation, which, spite of all their short- 
comings, are alike of infinite service to the experienced prac- 
titioner and to the comparative novice in art. 

Bat it is time we should enter upon our task of examining the 
drawings seriatim, though we cannot but advert for a moment to 
that which may well be deemed a supplementary exhibition, 
separate and distinct, which occupies the whole of theante-gallery, 
besides covering numerous screens, in the room, viz., the series 
of architectural sketches and drawings, some hundreds in 
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number, made by the late A. Welby Pugin, and lent for the 
purpose by his Son, the preaent Mr. Ed W. Pugin. These 
constitute of themselves a perfect study, and are marvels of 
industry and artistic skill. Pugin might be termed a man of 
intuitive discernment in all that regards the principles of ancient 
art, and he pursued their many-phased developments with an 
ardour of devotion which never knew fatigue, but which bought 
him to an early grave. In the imens as here arranged we can 
almost read the character of their author. Be they sketchy or 
detailed, in outline or colour, there can be no question as to the 
motif of each individual work, or as to the amazing power of 
hand, acquired by that constant “practice” we Tore been 
advocating, which could so readily and faithfully express the ideas 
he was anxious to bear away. Thos the infinite variety of sub- 
jects which are presented, and their mode of delineation, are alike 
evidences of the workings of a master mind, to which, in its 
peculiar line, it would be difficult to point outan equal. On thie 
we shall, however, have more to say when we come to notice these 
drawings more minutely. 

Among the first drawings which attract attention are (7 and 8), 
by Mr. E. W. Godwin, which consist of the principal elevations 
for the “ Town Halls at Hull, and Northampton," the latter now 
in course of erection. These drawings are advantageously placed 
side by side, and present some degree of similarity to each other 
—in idea at least,—both being based upon the received interpre- 
tation of Italian Gothic, as now so largely practised in this 
poppet b aud both being composed of the same elementa of detail, 
into which figure sculpture and inlay surface-work are conspicuous 
features. It appears to us that in the former of these designa 
the statues ranging along the front are too large, destroying in 
effect the real scale of the building, which in other respects looks 
more broken up, and not so well balanced as the simpler and nobler 
façade at Northampton. As well drawn and effective sepia 
elevations, without adventitious aid, they deserve an appovin 
mention, and the same may be recorded of (31), Mr. Godwin's 
competition design for the * Public Hall and Market, at Swan- 
sea,” thongh the design itself appears less successful than the 
others just mentioned. No. 2, shows some well photographed 
sculpture executed by Mr. Nicholls, for Gayhurst, from the design 
of Mr. Burges. It will be remembered that some other portions 
of this building were shown in last year’s exhibition; those before 
us mark simply the enrichments of one of the fireplaces and 
doors, The subjects are in low relief, and illustrate pepe 
the Expulsion from Eden, and the Bringing in of the Boar’s head; 
the latter occupying the whole width of the door between the 
architrave and the ceiling. 4, 5, Sketches in water colour of 
“ Norwich Cathedral" and “St. Ersamus’ Chapel, Westminster 
Abbey,” by Mr. Warren, are unpretending, but cleverly touched in. 

Mr. C. F. Hayward exhibits chiefly photographs, some being of 
subjects which have before appeared in the shape of larger 
drawings. Two of the best of these are comprised in (9), Schools 
and a Shop erected at Halstead; (47) is a photograph of the 
Lodge of the Tailors’ Benevolent Institution ; and (35), is another, 
of the Chalét erected by Mr. Hayward, at Lexdon, near Col- 
chester. In these, as well as other contributions from the 
same hand, there is evidence of an originality; which, if 
not always equally successful, is to be commended, so long 
as it oversteps not the bounds of correct taste. Mr. Which- 
cord, in the * Parade now erecting at Blackheath" (6) pre- 
sents what consists mainly of a row of shops, the houses 
themselves being set back ; and, excepting it be the extent 
of tbe undertaking, there is really little on the face of it to call 
for so pretentiousa drawing. The “ Offices and sale-rooms” being 
erected from Mr. Whichcord’s designs, in Water-lane, City, as 
shewn in (20), though more characteristic, are yet deficient in 
effect, compared with the majority of the noble structures of this 
class, which have especially marked the metropolitan improve- 
ments of the last ten years. It is wanting in boldness and relief 
of parta; the main cornice being sadly at fault. Mr. Corson is, 
as usual, an exhibitor of some of the numerous works he is 
executing near Leeds, (10 and 11) being phorgripie of a large 
mansion, in design, perhaps, not one of his happiest efforts, but 
yet with some very good points. The vignette additions to the 
drawing are tasteal. We should be glad to omit reference to 
Messrs. Francis’ “ Redhill Market Hall and Assembly Room" 
(12), but ita very absurdities press it into notice. What can be 
more incongruous than the mixture of Italian in a portico, 
Elizabethan in windows and parapets, and Gothic diagonal 
buttresses at the angles, each of the most unmistakable kind ? 
Yet this is the composition which existe, not only on paper, but 
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was “erected 1860.” This drawing reappears, moreover, among & 
group of other photographed designs in (57). In a“ Competition 

esign for Schoola at Caistor” (14), Messrs. Hooker and Wheeler 
have shown considerable taste. The arrangement and outline are 
unusually satisfactory,—the material chiefly red brick. Many 
of the competition designs for the “Godolphin Schools, at Ham- 
mersmith,” were contributed to last year’s exhibition; we have 
in the present one (15), a view of the building, as just completed, 
the architect being Mr. C. H. Cooke. 
including the oriel, is its most satisfactory part, and the least so 
is the tower immediately above, but the whole mass has a rather 
heavy and ungainly look, and some of the details would have 


been better if bolder. 

The beautiful photograph etching (19) of “ Archbishop 
Holgate's Hospital, York," by Mr. R. £. Pope, will be recognised 
as a reduction of the skilful drawing which lately enriched the 
Royal Academy walls, and which we then took occasion to 


notice. (22), another photograph—that of the “Tomb erected 


in Lichfield Cathedral to the Memory of Major Hodson,"' 


and sculptured by Mr. Earp, from designs by Mr. Street,—will 
remind our readers of the lithograph of the same subject which 
accompanied our number of this Journal for Sept. 1860. In (48) 
also, Mr. Earp has photographed various groups of sculpture, 
mostly executed for ford althorpe’s new mansion at Elvetham. 
One of these photographs consists of portions of a reredos erected 
at Wymering Church, Hants, and designed by Mr. Street. These 
subjects represent —Our Lord bearing his Cross, the Crucifixion, 
and the Descent from the Cross. The “Torquay Gas Company's 
Labourers’ Cottages" (23), by Mr. Appleton, are tolerably good- 
looking, and have the recommendation of being comíortably 
planned. Each cottage contains several rooms, with the usual 
out-buildings; the cost of the six, including fittings, bein 
£833 2s. 8d. The materials used are local red sandstone, wit 
white and red brick dressings, but the doorways are of rounded 
fire-clay bricks. 

In (24) is shown an ingenious “slip roof” for building iron- 
cased frigates, and now erecting at Millwall, for Messrs. C. J. Mare 
and Co. Though this is essentially a constructive work, and of a 
kind usually entrusted to engineers, in the present instance we 
are glad to find that it is under the direction of an architect, 
Mr. Edmeston, and the result is an evidence of no little thought 
and ingenuity well applied. There is no pretension to extraneous 
ornament, which, indeed, would be out of place; but it consists 
of a well-balanced system of iron construction. The length is 
410 feet, and the width 82 feet 6 inches. The roof is wholly of 
bar and angle iron, the standards being of cast-iron. These 
standards are 4 feet wide at the base, and diminish towards the 
top. The total height is 70 feet. The roof is entirely glazed, the 
sides are closed, and to be covered with De Vaux's zinc. Mr. 
Edmeston also exhibits (50), “ Messrs. King’s Premises, No. 77, 
Thames-street,”a lofty brick building of six stories; and (242, 244) 
* Homes for Poor Merchants’ Clerks,” erected at Muswell Hill, 
in memory of the late Matthew Uzielli, Esq. Nos. 25, 177, are 
in continuation of the series of continental sketches furnished 
from time to time by Mr. I’Anson, and are as usual interesting 
and cleverly sketched ; his two other pictnres this year (30, 49), 
explain the designs of a “ Villa at Dulwich.” A modern Classic 
Font is a rarity; but it would seem, from (26), that Mr. Knightly 
has placed one in St, Matthew's Church, Bethnal Green. The bowl 
is cireular—basket- work, in fact—and is supported by four figures 
of rather disproportionate size. Mr. C. F. Hay ward's * Roof of the 
Chapel of the Tailors Benevolent Institution, Haverstock Hill" 
(27), is ceiled toa polygonal form, of low pitch, the trusses are on 
the hammer-beam principle, and have moulded ribs, and traceried 
apandrels, Altogether the design is a very succesaful one. (28), 
Messrs. Green and De Ville’s Competition Design for Hull Town 
Hall, shows an Italian composition, hardly equal to some we have 
seen before from the same quarter. The intercolumniations of the 
Corinthian order are far too great, this unwonted lightness of 
effect is not beiug compensated for by the coupled columns at the 
angles. The basement story is rusticated. We are sorry we 
cannot may a word in favour of their adjoining drawing (29), a 
“Design for a Chapel at Hampstead,” a would-be-gothic eleva- 
tion of the strangest kind. 

No. 44 is a proof of the increasing use of sculptured decoration, 
and especially in figure subjects, for domestic as well as eccle- 
siastical purposes; and consists of four photographs of part of a 
series of sculptures of this description decorating the corridor of 
a house at Sydney, and executed by Mr. Nicholls. Mr. Phene 
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Spiers sends, as he has before done, some delicately-tinted draw- 
ings—viz., (45, 247, 248. In these the Classic feeling decidedly 
predominates, The “ Cemetery Chapel,” &c. erected at Low 
yton, Essex, by Messrs. Willson aud Nicholl, is well situated, 
and the design is happily adapted, indeed one of the best of the 
numerous edifices of this kind which have been necessitated by 
the recent enactments. These several buildings are well shown 
by photographs in (46). Messrs. Dobson and Kyle's * New Build- 
ingsat Newcastle-on-Tyne” (51), will hardly sustain the character 
for good street architecture for which that town has long been 
famous. This design is an extensive pile, and erected on the aite 
of the great fire which took place in 1854. (54) is a frame con- 
taining three very good designs by Mr. M. P. Manning, tbe first 
id which, the New Chapel at Hampton, Middlesex, though very 
ain, BSes8 t merit. 
i PE ae (To be continued.) 


In spite of adverse weather, the attendance of members and 
their friends, including not a few ladies, was considerable on 
the occasion of the inauguration of the Twelfth Exhibition, by 
the usual conversazione, on the 25th ult., the evening preceding 
ita being open to the public. Speech-making was wisely as much 
as possible curtailed, so as to leave the greater part of the evening 
free for visitors to examine the works of art around, and to 
renew associations among friends who rarely, perhaps, meet but 
under these or similar circumstances. The principal speakers 
were the chairman, the Rev. Mr. Burgess, who descanted on the 
greater public spirit and liberality which, on the whole, charac- 
terise our continental neighbours in reference to national projects, 
as compared with ourselves,—a theme suggested by looking at 
some of the drawings on the walls;—and Professor Kerr, who 
threw out some remarks on past exhibitions, and some excel- 
lent hints as to future ones. A brief report of a satisfactory 
niture was also read by one of the hon. secretaries, Mr. Edmeston. 
During the time of the Exhibition, the following lectures will be 
given on Tuesday evenings, in the galleries :— 

May 6. On the transport and erection of Obelisks, and other large 
Monoliths, in ancient and modern times. By Prof. Donaldson. 

May 18. The Character and Career of the late A. W. Pugin. By 
Prof. Kerr. 

May 20. Pagan Architecture. By W. Burges. 

May 27. 

June 3. 


Conventionality in Ornament. By J. P. Seddon. 
The Truthful in Art. By R. W. Edis. 

Though the Exhibition will remain open till the 30th of June, 
we recommend our readers to pay it an early visit, and they will 
probably repeat it once and again. To facilitate such intentions, 
season tickets admitting at all times to the Exhibition, the Pugin 
Collection, and the Lectures, are obtainable as heretofore at half- 
a-crown each; these ticketa have invariably commanded, as 
might be expected, an extensive circulation. 


———— 


NEW CHURCH, OVER-DARWEN, LANCASHIRE. 
(With an Engraving.) 

Tue Church forming the subject of our illustration is now in 
course of erection at Over-Darwen, and is intended to supply & 
want long felt—of additional church accommodation in that 
rapidly-increasing district. The entire expense of its erection, 
we understand, is to be borne by Mr. and Mrs. Graham, of Turn- 
croft, Over-Darwen. The edifice stands within their grounds, on 
a beautiful site at the south end of the town, where it forms an 
imposing feature. The structure will be entirely erected frem the 
stone found in the vicinity, a “strong-gritted” durable freestone 
being adopted for the dressings and hewn work, and for the 
exterior walling “ parpoints" These latter are procured from 
Mr. Graham’s flag quarries, in close proximity to the new church; 
and, being set in narrow courses of from three to five inches, 
make a very pretty and durable wall. The small plan accom 
panying the view will be found to explain the pes arran 
ments. The columns and arches, and all internal window-jam 
arches, &c., are worked in stone, relieved by a few small detached 
shafts of polished Aberdeen granite. All doors and the chancel 
seats will be executed in Dantzic oak; the seata in the body of 
the church of pitch-pine, varnished. The roofs, worked out of red 
deal or Baltic, are of massive construction. The chancel will be 
vaulted with hood ribs, filled in with narrow boards, with carved 
bosses at the intersection of the ribs; the whole being decorated 
in colours. The cost of the church will be about £6000. The 
architect is Mr. E. S. Paley, of Lancaster. 
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THE ECONOMIC ANGLES IN PARALLEL OPENWORK 
GIRDERS, 
(Continued from page 69.) 

Ler N be the number of bays into which the span S is divided 

by the points of concentration of the loading. Let @ represent in 

` a general manner the angle which a brace makes with the vertical 

"areston; and V the vertical component of the stress upon the 
race. 

In our last paper we have shown that when N is of any pre- 
viously assigned value, the economic values of 6 as calculated for 
the bracing taken alone will also be the economic values of 8 for 
the whole girder, that is, for the bracing and booms taken together. 
The question is therefore reduced to the determination of the 
economic angles for the bracing. This, however, ignores the end 
pillars: but as these more properly belong to the piers, and may, 
in fact, have no separate existence, they may very properly be 
excluded from the more general investigations; but in some of 
the examples to be given in our next paper, their influence will 
be pointed out. 

The effect of tha depth of the girder upon the weight or cost of the 
web.— Before proceeding to the more immediate objects of this 
paper, we may here state at somewhat greater lengt a fact first 
published in 1855 (see vol. xviii$ page 236): we refer to the con- 
stancy of the amount of material required for the bracing of an 
openwork girder, when the values of S, 6, W, and a * are con- 
stant, although the value of D, and with it the amount of the 
material in the booms, may undergo any degree of change. 

This will be most convincingly shown by direct calculation of 
some extreme examples. 

Let us assume, then, as in some of the cases in our last paper, 
that S = 12 units, 0 — 45°, and W — 6 units, and that the braces 
are in pairs, or the numbers of struts and ties equal. 


Fic. 1. 


Now, the weight of any brace is — V. D. sec! 0.a; and since 
here we have 0 = 2, and D = S — 2 N, and the portion of 
the loading at each supported point = W -— N, the material in 


the bracings for the case of a fixed load, half only of each struc- 
tare being taken, will be as follows:— 

Fig. 1 

Di } Bracing=@+1}+2))D9(0,4-0,)=9(0,-+4,) 

Fig. 2. 

Dats} Ditto —- 9DD2(, F2) 9(2-2) 

N=2 | Ditto —(:5)D2(a-Fa)9(2;-2) 

NSL | Ditto —44--1----2H-9DD5(4,--2)—9(2,--2) 


So that, in the case of a fixed loading, there is absolutely no 
change produced on the amount of the material in the braces, 
estimated with fixed values of a, and a». 

On the other hand, when the loading is treated as wholly 
moveable we find that on increasing N, the increase of the 
stresses on the braces resulting from the mobility of the load, is 
augmented. The calculations are more complicated than the 
above; but the results given below will show the character of the 
increase. (See table next column.) 

If we exclude from these results the exceptional case of N = 2, 
we see that, the variations produced in the amounts of material in 
the bracing, by changes in the value of D, are very moderate, 
even when all the loading is treated as moveable. When, how- 
ever, the question is treated practically, the slight advantage 
shown on the side of a high value of D will be more than 
destroyed by the necessary increase of a, for the struts on account 
of their increased lengths. 


*For the meaning of the symbol a, see ante page 1. 
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N= 2 4 | 6 8 10 
D= 3 r5 1 075 | 06 
Material in Braci 
ing al 9 9 9 9 9 


* when loading all } |= 
fixed. 


Material in Bracing 
when loading all> |= 9 10°125 | 10:888 | 10-400 | 10:440 
moveable. 


The economic angles for the struts and ties of the bracing.—In the 
following inveatigation we shall confine ourselves to the consider- 
ation of struetures made up of an even number of triangles, or, 
in other words, an equal number of ties and struts; further, we 
will assume, that the loading is all collected at the upper or lower 
boom of thegirder. Under these circumstances the braces are ar- 
ranged in pairs, each of which pairs consists, as in fig. 3, of a strut 
and a tie having the vertical components oftheir stresses equal. 

Let a, represent the cost, weight, or bulk of a tie constructed 
of the material of the ties (a—5, &c.), and capable of conveying 
one ton of stress through one foot of length. Similarly let a, 
represent the cost, or other quality to be considered, of a strut. 

Now, all that is required is to determine the two values of 6 for 
each pair, viz. 6, for the tie ab, and 6, for the strut c5; aud so 
long as the values of a, and a, bear the same proportion to one 
another, the angles obtained for any one pair will be those also 
for all the others, since the question is not affected by the abso- 
Jute amount of the vertical component V of the stresses to be 
transmitted through the braces. Should, however, the ratio of a, 
to a, vary for the different pairs, the economic values of à must 
be obtained by so many independent calculations. 

Let V be the accumulated portion of the loading on the P side 
of point c and at point c, which it is necessary to convey to the 
pe on the Q side. The stresses on:the braces will consequently 

= V sec 6. Let the depth ab = D, then the lengths of the 
braces wiil be = D sec 6. The work performed by these braces 
is the conveyance of V towards Q, hence the amount of such 
work done by any brace, or its efficiency, is expressed by V Dtan 6. 

Fio. 8. 


Now let it be the cost of a brace, in proportion to the work 
done by it, which is to be rendered a minimum; this is repre- 
sented by V sec 0. D sec 0.a -- VD tan 6=a sec? 0 — tan 6, or we 
have for the pair— 


a,secíó,--a,sec?Ó, — a (z*-- 1)2-a,(y* 2-1 . 


. 
tan 6,+tan 6, — vty Q) 


cost--efficiency— 


Let #-+y=2, f 
The cases, the solutions of which follow, are, 
1. When e is fixed, but x and y variable. 
2. When s, x, and y are all variable. 
3, When zy is fixed. 
4. When z or y is fixed. 
5. When z or y=0. 
Case 1. In equation 1 by substituting «for x + y, ande — x 
for y, we e 
ost 1 
— = (aat = 244 
Efficiency = (ar Ta tag? 2a452-Fay1*-4- 2) 
Differentiating this with # as the variable, putting the co- 
efficient = 0, and reducing, we get for a minimum, when is 
constant, 


ue Sages Ond) 


and similarly we have 


Whence v: y :: a, : 
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So that, whatever value may be assigned to s, the tangents of 6 Table of Examples. 
will be to one another inversely as the values of a. 9$: 8 4 $s = ite, M 25 
Case 2. We have now to determine what value of s will give 1:1 549 M 549 44 
the absolute minimum value to equation 1. p 1 15 52° 14’ 57° 41’ 
Substituting for z and y in equation 1, their values as given 1; 20 50° 46" 60° 0' 
in equations 2, we get, 1 $:0 49° 6 63° 26' 
Cost 1 di Xa 4 \, We now offer some applications of these formule. 
Efficiency - "ELS (<4) tatas (z + =) +a} - 0 7 aux mh results Egieta Verc arrano to gE hahe aii 
€ 0f €rcess O or a ure 
The differential of this is 7-5 om De economi nalu of the ahia. NIME 
= 2; 1L 2a a ye -{ e( —9 7 We here assume that a,=8} .". 
{ 2e( ies) F ala + a) M " (s +a ) Cost or weight or bulk--efficiency, varies at Tirte 
a ds 
+a,+a 1. |*-La } Ss 
A e( £5 23) 8 x. y. 6, 6, age Bees 
Putting the differential co-efficient = 0, for a minimum, and of cost. 


reducing, we get, 


1 1 45° 45° |100:00|A beolute minimum of cost. Pub- 

urba, lished in Jenuary, 1851, by the 

aa, mle, in his “Treatise on 

Substituting this value of s in equations 2, we have, 0-577 | 0-577 | 809 | 30° 115-47|Warren & Monzani's Patent, 15th 
9; c4. Js (8 August, 1548. 

= y= Jay 0:426 | 0:425 | 23° | 28° | 189:0|Nash's Patent, 21st Feb., 1839. 


See Newton's Journal, vol. 16, 
p. 355. 
80? |46° 33'|105:59| Economic value of 0, when 0, 3-30? 
60° 60° |115°47 
1-414 | 0°000 154° 44'| 0  |14U42 Economic value of 0, when 0,—0, 


1:000 | 0 45 | 0 [15000 American “Rider” Bridge shown 
at Exhibition of 1851. Cast- 
iron perpendicular struts, and 
wrought-iron ties. 

2°667 | 0 69*27'| 0 | 170°88/1851 Exhibition Building, 48-feet 
girders, (approximately.) 

0:268 | 0-268 | 15° | 15° | 200-00 ipod roi Bridge, prin- 

T. cipal girders. 
Lee es a defnite valuo is assigned to the ratio of 2:9. “Tyan 11.—General Examples to exhibit the additional cost incurred by 
EZ f y::e: , . various departures from the economic values of 0. 
a—8 —.. and y=e 1 a, is here assumed to be equal to 2a! .*. 
Pi ert Cost- efficiency varies at 5 5 9-1, and for th i 
Substituting these values of z and y in equation 1, we have, E ied ay 50 tor the per centages given 


1 @ xt 3, 13 in the table, this is divided by 2:8284. 
Cost + efficiency = > (se a) +4,+4,8 (ser) +a; } P 

differentiating and putting the co-efficient = 0, arranging and 
reducing, we get for a minimum, 


ox (Ett ji andy 2 (ich) 0. . () 


RsxaxES5. 


Absolute minimum of cost. 


a,0? 4-2, a, a; | In ryan five 6 the value 
5 When e= a, — a, we have the absolute minimum as by j Aea that sequined 
= Table of Eeampla for the above minimum, ' 
a, : 0, c. s. 6, . 6, . 
1:1 ..2 .. 1897 .. 82°19’ ... 51? 40’ 102:5 | Minimum when y — 1 
1: 8 ..2 .. 2268 .. 37^ 5' .. 56°81’ 1061 


Case 4. When a given value z, or y, is assigned to one of the 
tangents, the other and s being variable. 
Let « be the variable tangent, then equation 1 becomes, 
3 
Cost- Efficiency = t t cbr +a 
ety, 
Whiek, by the calculus, we ascertain to be a minimum, when 


z=4/ (1+2) - (yH-)—9 
JUS RC E DES 
and similarly, A (+ ) . (#241) —2, 


Table of Examples when a,=2a,. 
When 2,0:5, y—0:8693. When y, 20:5, 2=1°4365 


141:4 


1297 | Minimum when y=0 
122:4 


37 | 
14 io: 
Minimum when x = 1 


Gr an) Minimum when x = 2 


Minimum when x= 0 


» » =1°0, y=0°7320. » » =10, 2 1°4495 i 

ae a etl Ut hak eee k Minimum when z= ds 

ong SLU, YO’ 2 ` 

S P we dO, y=1202. | C. P. Sydenham, cast. t n girders 


(approx.) 


In our next paper we purpose treating of some of Ye more 
practical applications of the principles discussed above. 


r= 23 = / i N RiH. B. 
Am TOITA dae 3 () edinburgh. i 


| 


Case 5. When one of the braces is perpendicular, æ or y, = 0, 
and equations 6 become, 


àpi 1, 1862] 


FOREIGN PUBLICATIONS. 


Encyolopédie d' Architecture.—This journal has not of late con- 
tained in its letterpress matter of a nature to interest, our readers, 
although many or its beautifully executed illustrations would 
have afforded pleasure could we have reproduced them. They 
présent a very miscellaneous assortment of objects, showing the 
great variety of styles practised in France, and evincing the 
strong hold which many of the details of the style called after 
Louis XIV. still keep upon the public taste. Rococco work, and 
that purer style which some of the modern French architects 
have created for themselves, by a blending of Renaissance richness 
with Greek mouldings and Dro, arg executed to great perfec- 
tion in France; but there appears a striking falliug off when we 
critically examine the Gothic works even of their greatest artista. 

Révue de Ü Architecture.—In the columns of this journal a series 
of essays on coverings for roofs with elaborate illustrations are 
now appearing, The subject of tiles has been very carefully 
analysed, and a large mass of valuable and detailed information 
collected ther. The improved tiles shown on some of the 

tes would be very desirable additions to the not too extensive 
ist of materials available in England for the covering of roofs; 
and those of our readers who are interested in this subject will 
find it quite worth their while to consult the Revue, where all the 
principal varieties in use in France are carefully illustrated, and 
their size, price, weight, and other properties are to be found 
tabulated. Reference is also made to a series of specimen tiles of 
each sort in the Couservatoire des Arts et Metiers, a collection 
analogous to our Musewm of Patents, only of a magnificence in 
acco: ce with the national character of the collection, instead 
of being crowded into a limited space and seen under every dis- 
advantage. The use of enamelled roofing tiles (so little known 
in this country) and the substitution of flashings, &c. in zinc or 
lead for fillets of plaster on tiled roofs, is strongly recommended. 


** The rougher the suface of a tile, and the more numerous the corners, 
projections, and angles which it presents, and the larger the number of the 
joints in a given superficies of roof-covering, the more easily will dust 
settle upon it, and the more will those mosses flourish on it which result 
from moisture. * * * We learn, from actual examples, this lesson. 
Strong roof-timbers, inflexible battens (or laths), tiles of good quality and 
smooth surface, a ateeper pitch than that ordinarily found sufficient, 
no external mortar or cement, work, easy ventilation of the inner face of 
the tiles and the battening (or lathing); such are the conditions necessary 
for a desirable covering, costing little to maintain. There is, perhaps, 

‘one objection which may be raised to all this—the high price of its first 
erection. The reply to this objection is, that money expended upon the 
fondamental ions (parties méres) of a structure is always well invested, 
and of these the roof-covering is one. To stand in no danger of destructive 
and defiling infiltrations of water is something. To be safe from the cost 
of constant repairs, and the necessity of at no distant date entirely renew- 
ing the covering, is something more. These substantial advantages soon 
defray the additional prime cost; and, from this point of view, the use of 
enamelled tiles is excellent. The art of enamelling tiles, bricks, and 
facing blocks goes back to the highest antiquity. It appears to have had 
ita origin in the East. Numerous traces of it are discovered at the foot of 
the Caucasian range, in Egypt, and in Babylonia. In those countries 
whose primeval civilization has now disappeared, the art of the potter had 
attained, ten centuries and more before our era, a degree of perfection 
unknown at the present day to the same art among modern nations. 
our own day, the enamelling of tiles is most followed in Bavaria, and 

lied to dat tiles, either pointed or scaled on the portion exposed to 
sight. The enamels are fine and the tinte subdued. In France their use 
is not yet common, but is extending. Already, subsequently to the 
Universal Exhibition of 1855, it has developed itself in Maconnais, 
Franche Comté, and Picardy; it has long been customary to employ in 
this last-named county, lead-enamelled ridge-tiles; that is to say, pre- 
pared with an enamel principally composed of lead ore, and approaching 
all topes of yellow, and all tints of brown colour; these tiles are now also 
there with silicate of potash; they become waterproof, and retain 

their natural colour. At Paris, the employment of enamelled tiles is 
commencing, thanks to the intelligent and active cxertions of a manufac- 
turer who has taken up the speciality, Mons. Richomme, already referred 
to. Tbe enamelled tiles of this maker are similar in form to the Bavarian 
tiles, and, like them, variously coloured in white, yellow, brown, green, 
blue, &o., delicate in their tinta, perfectly durable, and affording a means 
of forming rich mosaics. These tiles, which are only enamelled exter- 
nally as far as their uncovered part extends, measure 0°24x0°18=94x7 
inches, and are laid with an uncovered part (pureau, almost the exact 
reverse of the English ‘‘lap”) of 0°08=3} inches. The pointed ones 
weigh dry, 0:708 kil., and 0°750 after æ quarter of an hour's immersion in 
water; 69°44 of them are required per square metre, and the correspond- 
ing weights are 49 and 52 kilogrammes. A square metre of roof covering 
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in these enamelled tiles, posed or semi-circular at the lower end, and 
inclusive of battens and laying, comes to 7 france 75 centimes (approxi- 
mately equal to £2. 6s. 6d. per English square.") 


We may add, that the writer of this does not mention the 
fact that enamelled roofing tiles, especially ridge tiles, and aleo 
enamelled paving tiles, were, durin, sid since the Medieval 

riod, much employed in other districts of France besides 

icardy. On this point the curious will find some information in 
the intrduction to the abstracta of specifications relating to bricks 
and tiles recently issued by the Commissioners of Patents. 


Motive su Ornamentalen Zimmerwerken (Designs for Orna- 
mental Carpentry, by Louis Degen, Engineer: Munich.)—This 
work, published by the author in parts, consiste of a large number 
of sheets of quarto size, of designs for various ornamental struc- 
tures in wood, sketchily, but effectively, executed in lithography. 
This sort of work is necessarily less employed in England than in 
countries where the mildness of the climate renders balconies, 
verandahs, summer-houses, and similar works, objecta of daily 
use, Still these things are erected from time to time in England; 
and to those who have to design them this will be found an 
eminently suggestive book, especially in detail. Some will, 

rhaps, object to Herr Degen’s designs, taken as a whole; but 
1t would not be easy to surpass the graceful fertility of desigu 
shown in sheet after sheet of barge-boards, finials, brattishings or 
spandrils designed to be cut out of flat boards without any 
moulding, and in several sheets of cleverly designed stoppings, 
corbels, ends of rafters, and other portions of framing. To those, 
too, who are aware of the value of flat ornamental gratings as 
accessories to street architecture, the motives and treatment of 
many of the pierced patterns here given will be interesting. 


Nouvelles Annales de la Construction —New Annals of Construc- 
tion for January and February of this year are before us. Their 
contents include an account of the Suez Canal, and the methods 
of procedure adopted there, with a short résumé of the history of 
the undertaking. The works were commenced in April 1859; 
and the methods of carrying them on are shown by illustrative 
woodcuts. It appears that mechanical contrivances have been, 
as far as poasible, employed of a nature designed to facilitate the 
removal of the earth from the excavations. Some of these are 
iuteresting; but as the editor of the Annales promises, at an early 
day, to give a more detailed account, not only of the machines 
themselves, but of the experience which the engineers have had 
of their working, we propose to defer our notice cf them. 


ee 


ON THE METHOD OF DETERMINING THE QUANTITY 
OF MATERIAL NECESSARY FOR THE SOILING 
OF THE SLOPES OF RAILWAY CUTTINGS AND 
EMBANEMENTS. 


Br Tuomas CanaoirLt, C.E. 


Ir frequently happens during the progress of the works of a 
line at railway in which the citings and embankments are of 
considerable magnitude, that due precaution is not taken to 
reserve in their vicinity a sufficient amount of material for soiling 
or top-dressing the slopes, and the consequence is, that either 
they are not covered with the proper quantity, or the contractor 
is obliged to bring the soil from some distance along the line, or 
procure it elsewhere at more than the ordinary expense. 

The quantity requisite for the different cuttings and embank- 
ments depends principally on the depths and heights, and varies 
also as the ground is more or less sidelong. 

The simplest case which can occur is when the height is con- 
stant for a given length of the longitudinal section of the line, 
and when the cross-sections also for that distance are level. This 
is shown in Fig. 1, which represents one of the slopes of either a 
cutting or embankment, the other being supposed to be precisely 
similar. Asthe soil is always of a uniform depth, its qu 
is taken out in superficial yards. In Fig. 1, let AB or CD=L= 
the length on the longitudinal section, let À—the height constant 
for the length L, and let S be the number of superficial yards of 
soil required for both slopes; all other dimensions being in feet : 


then 
2 area of ABCD 


S= 5 


100 


but, from the figure, area of ABCD = AC xL, and S = 


AC is the length of the slope, and is unknown, but supposing b 
to be constant, ns it always is in practice, AC depends on A. 


2ACXL 
9 


Fio. 1. 


c 


Now by construction AC*—4A*--07, and substituting for b its 
value R x, R being ratio of slope, 
AC*=1?+R%=A(14RB) and AC—AA/(13- RÀ) 
Putting this value of AC in the equation for S, we obtain 
9/1 --R) x L 


è 9 


R is almost universally = 3 and NUR) = NIS which gives 


us by substitution in the above equation 
s= AXL y 1a 
9 2 
Multiplying out and reducing we obtain 
S8—AXLXOA4 .. Q) 
which is a general formula applicable to any height and distance. 
If we make L—1 chain—100 feet, the formula becomes very 
simple, for S—40h .. -. (2) 
if L=the statute cliain—66 feet, S=26'4h ... vas .. (3) 
Another case which is more frequently met with, aud the 
solution of which is of gaur practical utility, is when the 
heights at the two ends of the given length of the longitudinal 
section are unequal, „s is represented in Fig. 2; h and À' are the 
two heights, and the remainder of the notation is the same as 
that employed above. 


2 area ASCD ; area of ABCD=Lx (PE 
From above AC—Ah4/(14-R?, and by similar reasoning BD= 
h'A/(14-R*; therefore area of ABCD— 

g X {AOR Heide) 
which gives us S— : [EPOR } 


eee mn 


As before S= 


Substituting for the expression A/(1--R!) its equivalent E 
and reducing we obtain finally ' 


S-L(-FAÀ)XO2 ..  ..  .. (4 
if L=100 feet, then S—(h--^) X20 ... ss Sed .. (8) 
if L=66 feet, then S=(A+4')13'2 ce s= 0 (6) 


Iv is evident that by making h=h', equations (4) (5) and (6) 
became identical with (1) (2) and (3), but I have given a separatd 
proof and demonstration, not only to preserve uniformity in 
the different examples under investigation, but because I think 
it may serve to render the subject clearer to many persons, 
especially those perusing it for the first time. 
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Equations (5) and (6) will be found particularly useful to those 
engaged in making the estimates for “contract work" of a line 
of railway, as the und may generally be considered level 
between any two ordinates on the longitudinal section, which are 
at the distance of one chain from one another; unless it be ex- 
ceedingly rough and irregular, and even then any deficiency or 
excess in so inexpensive an item as “trimming and soiling slopes” 
is not of much consequence. 

All the foregoing formule have been calculated on the suppo- 
sition that the cross sections of the ground are level, or, in other 
words, that the quantity of soil required for one slope is the same 
as that which is required for the other. It is manifest that, in 
sidelong ground, this would not be the case, and in some instances, 
where the difference of the heights on the two sides of the line is 
great, it might be necessary to allow for it in taking out the 
quantity. is might be accomplished in two ways, either by 
npplying any of the above equations, which suit the particular 
case in question, to each respective side of the cutting 
or embankment, and ioi qur e result by 2; or by making use 
of the following formula. t H, H', ^, A’, be thefour different 
heights, then from Fig. 2, and equation (4) the number of super- 
fical yards of one slope=L (h4-A)X01, and of the other=L 
(H+H) 01, and total number S=L (H--H'--A--A^) 01, which 
can be simplified in a eorudine mauner for the different 
values of L=100 or 66 feet. any instance in which the side- 
long ground continued to slope uniformly in the same direction 
across the line for a considerable distance, it might be found quite 
as advantageous if not more so, to take out each side of the line 
separately, and so employ the former instead of the latter 
method. 

In the preliminary estimates of a line of railway for parlia- 
mentary p s, “trimming and soiling slopes” is so insig- 
nificant an item, that it is hardly ever taken into account; but ina 
case where the cuttings and embankments were excessive both in 
number and magnitude, and where a close and vigorous oppo- 


Fie. 2. 


[4 


sition would render an equally close and accurate estimate requi- 
site, it would be prudent to ascertain its amount either by direct 
calculation, or, allow a sum for it, suggested by experience. 

In such calculations, it would be convenient to take out a whole 
cutting or embankment at one operation; and quite sufficiently 
accurate to consider the cross sections of the und level, and - 
consequently the area of the two slopes equal to one another. 
The following formula is general for any length L and number of 
heighta A A, A, h,......h., which for simplicity’s sake may be taken 
at equal distances; let c=number of heights taken, then 


s= 4 (h+-2h,+2hyt yt... hn) 2 


If L be taken an even number of hundred feet, as it may be in 
such examples, and let N=number of 100 feet lengths, and allow- 
ing one penny per oe yard, we obtain, by putting M for 
the amount in pounds, &c. . 

N 


M= iu Ut cS RAE Ha) 


Tt will be at once seen, that where the length admits of it, this 
substitution can be applied to all the other formulse, and the price 
therefore obtained at once from the values of the lengths and 
heights or depths. 


—— J:Á9À9—— 
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ON A NEW MODE OF COKING IN OVENS, APPLIED 
TO THE STAFFORDSHIRE SLACK. 
Br ArexaxprnR B. Cocurane. 
(Concluded from page 85. ) 
Ix the first block of the new evens at Woodside, which gave 
the yields of coke above stated from the Staffordshire slack, the 

tition walls between the ovens were built 9 inches thick. It 
is evident, however, that the thinner the partition walls the 
more perfect is the communication of heat between the ovens; 
and the writer found in the erection of the first block of ovens 
that 9 inches make too thick a wall. The consequence of this 
nistake was that the quantity of coke produced was not so great 
as expected, since it was absolucely necessary to assist the pro- 
gress of the coking by a large admission of air. In France, 
where Mr. Eaton made his first experiments, and where the new 
ovens have been in operation for several years, the partition 
walls were about 64 inches thick. At the Briton Ferry Iron 
Works in South Wales, where it was decided to adopt this plan 
of ovens from the success of those at Woodside, when they had 
been at work only a few, weeks, the partition walls were built 
only half a brick or 43 iuches thick, aud the reaults were more 
satisfactory than any that Mr. Eaton had obtained in France. 
This was to be attributed solely to the diminished thickness of 
the partition walls, and led the writer to test the point practi- 
cally in the first block of ovens erected at Tursdale. In order to 
make a fair comparison, six oveus of the block were built with 
4} inch partition walls, and six with 9 inch walls. The result 
was that in the same time 124 per cent. more coal could be 
coked in the ovens separated by only 44 inch walls than in those 
with 9 inch walls. The thickness of 4$ inches is as little as can 
be safely used for the partition walls, and it was at first feared 
they might prove a little weak, being 83 feet long, with an aver- 
age height of 44 feet; but, bound as they are on all edges, they 
have proved to he thoroughly substantial, and it is intended to 
adopt this thickness in future. It has already been adopted 
with perfect safety in the two instances above mentioned, at 
Briton Ferry and at Tursdale. 

The economy secured in the new plan of oven arises from the 
circumstance that the heat requisite to start and urge the oven 
forward is supplied chiefly by radiation from the partition walls ; 
and in a few cases only, owing A secado of coal, is it at all 
necessary to assist the progress of the oven by the admission of 
air. The principle of the oven aimed at is the entire exclusion 
of air, in order to prevent entirely the waste that takes place by 
partial combustion of the coke in the ordinary process ; and this 
obiect is attained with certain rich gaseous or bituminous coals. 
But when dealing with intractable material, air is still needed ; 
froni 2 to 3 square inches of air space given beneath the door are 
amply sufficient to meet the case of the mixture of 45 per cent. 
of Staffordshire slack and 55 per cent. of Welsh bituminous 
siack, Whatever air is given to any oven, it is of the greatest 
importance to introduce it at the commencgment of the coking 
process, and not at the end. When introduced during the first 
period of the operation, its effect is to mix with and burn the 
gazes which are being disengaged in great abundance from the 
. coala, doing the coke very little injury; whilst its introduction 
towards the end of the operation is productive of serious mis- 
chief, for when the gases are beginning to clear off, the air is free 
to attack the surface of the coke, and does 8o. To this fact there 
is a remarkable and curious exception in the case of the manu- 
facture of coke from a mixture of Staffordshire slack and pitch, 
which seems to be accounted for by the formation of a silicious 
flm or crust over the entire surface of the coke, which most 
effectually shields it from the action of the air. In all cases 
however, after the gases have ceased to be evolved in quantity 
sufficient to fill the oven, the further admission of air is preju- 
dicial to the finishing off of the charge, by cooling down both the 
coke and the oven which contains it. At this period of the 
Operation, therefore, as is found the case jn the first block of 
ovens erected at Woodside, it is n entirely to exclude 
the ingress of air, in order to prevent the rapid loss of heat 
which the oven otherwise sustains. When the air is thus ex- 
tluded, the oven has acquired a sufficient heat to complete the 
expulaion of all the gases that remain to be evolved, which are 
seen to issue, burning as small jets of flame, from the cracks in 

the mass of the coke. The regulator B, Fig. 4, Plate V., allows 
the admission of air beyond the oven through the perforated cast- 
iron plate which covers it, forming a perfect smoke consumer. 
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The area of the flue opening from the regulator into the chim- 
ney is a matter of considerable importance, and admits of an 
eflicient adjustment by simply inserting pieces of firebrick in the 
passage of the flue. This is a particular convenience, where from 
any exceptional cause the admission of a considerable quantity . 
of air is needed, as already referred to in the case of the first 
block of ovens erected at Woodside. Here the simple reduction 
of the area of the flue from 49 to 30 square inches at its passage 
out of the regulator occasioned an increased yield of 5 to 6 per 
cent. of coke. For with the flue full open, the draught of the 
chimney drew in more air than was required when the greater 
part of the gas had been driven off, and a surface combustion of 
the coke eusued, with an intense heat, while the yield was sacri- 
ficed. It was found impossible to adjust the supply of air &o 
nicely as to prevent waste while the coking proceeded, except by 
means of reducing the area of the flue, which proved quite effi- 
cient. Since in all classes of ovens perfectly air-tight work can 
scarcely be secured, the regulation of the area of the flue is a mat- 
ter of importance, even where the air is purposely excluded during 
the coking, in order to prevent its being drawn into the oven 
through the iunumerable small interstices in the brickwork. 
The prevention of the undue admission of air by this simple 
stpediont was attended with a diminution of the quantity of 
coal which could be coked in the same time; but this was coun- 
terbalanced by the increased yield of coke from the smaller 

uantity of coal charged. It may be that the checking of the 
daagt has a beneficial influence, by causing the gases to lie 
back a little longer in the oven, and there expend a little more of 
their heat by being more completely consumed. On the other 
hand it is possible to reduce the flue area too much ; for, when 
it was attempted to work with the flue reduced at the passage 
from the regulator from 49 to about 23 square inches area, the 
effect ceased to be of any benefit, and on the contrary was 
sighiy injurious, in retarding the rapidity of coking and per- 
ceptibly lowering the temperature of the oven. 
hen the coking is completed, the communication between 
the oven and the chimney is cut off by a damper, consisting of a 
lain wrought iron plate, which prevents air from being drawn 
in through the brickwork, whilst the coke is lying, as it should 
do from two to four hours after disengagement of gas has to all 
appearance ceased. The fact is, however, that a slight disen- 
gagement is still, though imperceptibly, going on, which is made 
manifest by opening the door of the oven, when immediately the 
gas is seen burning at the surface of the coke. It thus gives an 
improved appearance to the coke to let it lie a little, by getting 
rid of a tinge of dark colour which exists at the bottom of the 
coke if drawn too soon after being done. 

As regards the general size of the new ovens, it is thought at 
present that 44 feet external diameter will prove the most con- 
venient, as shown in Figs. 1 and 2, Plate V.; though at the Ture- 
dale Colliery the first and second blocks are constructed 48 feet 
diameter. The objection to the large size is the necessity of pro- 
viding for a greatly increased expansion of the structure. 

As regards the quantity of coke which can be produced from a 
block of ovens, the second block at Woodside, 44 feet diameter, 
has turned out about 60 tons of coke per week during the two 
months that it has been in work. The first block at Woodside, 
42 feet diameter, has ecarcely turned out 55 tons per week, for 
the reason already given of too great thickness of the partition 
walls; whilst the first block at Tursdale, 48 feet diameter, where 
half the walls are 4$ inches thick, and half 9 inches, is capable 
of turning out 60 tons per week. The block of ovens at Briton 
Ferry, 44 feet diameter with 4& inch partition walls, is turning 
out from 65 to 70 tons of coke per weak and so satisfied are the 
proprietors that a second block has been erected. 

As regards the time occupied in coking, an ordinary oven of 
11 feet inside diameter with 95 square feet of floor area will burn 
off a charge of 5$ to 6 tons of Newcastle or Durham coals in 72 
hours, One of the new ovens with 97 square feet of floor area, 
in the first block at Tursdale, 48 feet, diameter, with 9 inch parti- 
tion walls, burns off 4$ tons in 72 hours with only a trifling 
difference in the gross amount of coke produced. Bat no ac- 
count is here taken of the irregularities to which ordinary ovens 
are subject, and of which some idea may be formed from an in- 
cident that took place with the first block of the new ovens at 
Tursdale. Red bricks having succeeded perfectly in the chimney 
at Woodside, were employed without hesitation in that at Tura- 
dale; but owing to the’ increased size of the block of ovens, 48 
feet diameter instead of 42 feet, and the more intense character 
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of the combustion of the bitumiuous coals as compared with the 
mixture of Staffordshire and Welsh slack, the heat was too great, 
and caused the red brickwork to melt, and ended by closing up 
every flue. The chimney was then lined with firebricks; but 
during the time occupied in lining it, the ovens, which were then 
working in effect as ordinary open-topped ovens, worked most 
irregularly, never came up to their proper time, and in one 
instance a three days’ charge occupied six days to burn 
off. It is not meant that ordinury ovens would be frequentl 
subject to such an extreme irregularity as that just mentioned: 
for, in the absence of the central chimney an oven of the 
new form is ill calculated ‘to create a sufficient draught; whereas, 
in an ordinary dome oven with chimney at top, everything is 
pretty favourable for the admission of the requisite air. Irregu- 
larities of one or even two days in ordinary ovens are, however, 
of not unfrequent occurrence; and coupled with the accident 
which led to the necessity of working the new ovens at Tursdale 
Colliery, without the assistance of the central chimney, they 
show of how great importance the chimney is to secure good and 
reliable results. 

The cost of erection of a block of ovens on the new construc- 
tion has been as follows at the Woodside Iron Works, the block 
being 44 feet diameter :— 


35,000 Firebricks and clay... ..£112 0 0 
27,000 Red bricks and mortar 33 0 0 
Cast and wrought ironwork ... 9110 0 
DOO D Saas dees ace 810 0 

Labour in excavation, bricklaying, and con- 
crete, &c. ... Ss e s s. 70 0 0 
£315 0 0 


This gives £26 ös. as the cost per oven, complete with water 
fittings, coke benches and tools, but exclusive of any attendant 
conveniences for keeping the coke in stock. The cost is of course 
subject to the addition of carriage of materials for erection at any 
other site, and minor modifications for the variation of circum- 
stances. Where a mixture of coal is not wanted, the ovens can 
be made with a circular railway so as to be filled from the top, as at 
Tursdale, the additional expense of which is about £6 per oven. 

The cost of working the new ovens where a uniform quality of 
coal is used is slightly in excess of the working of ordinary ovens 
in one particular only, that of loading up the coke from the 
benches into the wagons. In a straight row of ovens nothing is 
simpler than to run a train of wagons alongside the benches, off 
which the coke is conveniently filled at one lift. Against this 
there is the advantage that the labour of cleansing and charging 
the coal in the case of the new ovens is divided over a large quan- 
tity of coke produced from the same quantity of coal; so that 
really the difference, if any, is but slight. The working cost per 
ton of coke made has been as follows, in the ovens already at 
work at Tursdale, 48 feet diameter. 

2 men drawing ovens, levelling coals, manufac- 
turing, and keeping coke benches clean, at 
9s. n per day (coke made per day 12 


2 boys cleansing coals and charging with tubs 
at 2s. 8d. each per day, to feed 3 blocks of 
OVENS ... aie oe see ase eee hen tes 

Wheeling and loading coke into waggons — ... 2j 

Interest on outlay, say £150 to cover inciden- 


tals, at, 5 per cent. as ee dl 
Redemption in say 7 years ww. ... ... .. 8 
Wear and tear, 88y 4. ... 2. e. 2 0 i 
Royalty ss. .. 2. 2. 2 2. 2 e 9 
Total cost of coke exclusive of coals... ... fs. 7d. per ton 


In Staffordshire, with the mixture of slack and the charging 
done at the mouth of the oven instead of from the top, as might 
be expected, the labour is somewhat greater, while the outlay is 
about £75 less per block, The cost per ton of coke made in this 
case is as follows:— 

4 men drawing and charging ovens, mixing 
slack, &c., at 3s. 4d. each per day, 
(coke made per day 9 tons)... g 


e o. — Le. 6d. per ton. 
Interest on outlay, say £375, at 5 per cent li 


Redemption in, say 7 years... ... zd 4 
Wear and tear, s8y |... 2. 2. 2. ae E 
Royalty. sei 0 we co ie és 3 


Total cost of coke exclusive of slack, kc... 2s. 3d. per ton. 
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To the above iculars of cost it is simply necessary to add 
that of material Du atthe total cost of the coke manufac- 
tured. Taking the value of a North country bituminous slack at 
3s. 6d. per ton, and a yield of 68 per cent. of coke, the cost of coals 
would be 5s. 2d. per ton of coke produced. Adding this to 15. 7d. 
the cost of working, the total cost of the coke into wagons would 
be 6s. 9d. per ton. It is of course impossible to fix on any uni- 
form price at which to charge the slack : some collieries produce 
“ duff,” as the small of the coal is called, in such abundance as to 
make them glad to have a means of getting rid of it; others set a 
higher value upon it. Hence it is for each in his particular cir- 
cumstances to determine how far the adoption of the new system 
is economical. i 

It is easier to arrive at the real cost of the coke manufactured 
in the Staffordshire district, where slack suitable for the purpose 
can be bought in any quantity at 2s. 6d. per ton. Assuming this 
price the mixture of 45 per cent. of Staffordshire slack at 2s. 6d, 

r ton, with 55 per cent. of Welsh slack at 12s. per ton, will cost 

s. 9d. per ton; and a yield of 574 per cent. makes the cost of the 
coke 13s. 6d. per ton. Adding this to 2s. 3d., the cost of working, 
the total cost of the coke amounts to 15s. 9d. per ton. 

The mixture of 44 per cent. of Staffordshire slack at 2s. 6d. per 
ton with 44 per cent. of Welsh slack at 12s. per ton, and 12 pe 
cent. of pitch at 20s. per ton, costs 8s. 9d. per ton; which with a 
yield of 624 per cent. makes the coke cost 14s. per ton. Adding 
this to 25. 3d. the cost of working, the total cost of the coke from 
this mixture amounts to 16s. 3d. per ton. 

The mixture of 724 per cent. of Statfordshire slack at 28. 6d. per 
ton with 273 per cent. of pitch at 20s. per ton costs 78. 4d. per ton, 
but the yield in this case, is only about 524 per cent of coke, owing 
to the very volatile character of the pitch, and the coke therefore 
costs 14s.per ton. Adding this to 2s. 3d., the cost of working, the 
total cost of the coke made from Staffordshire slack with pitch 
alone amounts to 16s. 3d. per ton. 

As regards the wear and tear on the brickwork of the new 
ovens, there seems every likelihood that this is very small and 
unimportant. A small allowance has however been made in each 
of the above estimates of the workingcost. The first block of ovens 
erected at Wondside has been in operation since June last year, a 
period of nearly a year, and does not show the slightest indica- 
tion of requiring repairs to the brickwork. A little repair has 
been needed at the door frame castings, owing to the irregular 
expansion of the casting by heat aud its weak form; but the lia- 
bility to fracture in ie faulty plan first adopted has been in a 
great measure corrected by an amended form of frame. 

Among the advantages which attach to the new form of ovens 
is its compactness, which is of importance, and is a reason why 
the oven should be much cheaper in its construction than ordi- 
nary round ovens. Taking the case of a double row of ordinary 
ovens placed back to back, 11 feet internal diameter, the floor area: 
of which would be 95 square feet, with a tlue between them com- 
mon to both leading to a chimney, such a series of 6 ovens in 
length or 12 ovens,iu the double row would cover a space of 

und 84 x 28 = 2352 square feet; whereas the space covered 
D die largest block of the new ovens yet erected, 48 feet external 
diameter, is only 1810 square feet, while the floor area of each 
oven is 100 square feet, the partition walls in this case being 5j 
inches thick. Including the coke benches 9 feet wide, in the caso 
of the double row of ordinary ovens, the ground occupied would 
be 84 x 46 — 3864 square feet; whilst in the case of the 48 feet 
block of the new ovens a greater area of ground is covered, taking 
a square larger by 18 feet than the diameter of the oven, giving 
66 x 66 = 4356 square feet; with the advantage however > larger 
stacking room for the coke, for whilst the benchroom in the tirst 
case cited of 12 ovens in a double row is 84 X 18 = 1512 square 
feet, that of the 48 feet block is 2546 square feet. 

In connexion with the subject of rapid coking, a few interes- 
ting laboratory experiments have been made at the writer's works. 
The material operated upon was the coal from the Tursdale Col- 
liery, the composition of which was as follows:— 


Carbon  .. .. 2.2 2 0 e e 6e 4. 81°48 
Hydrogen... ... Kee" seed verse dua. A 1:89 
Nitrogen ... 2:91 
Sulphur 1:34 
Ash. x5 les aueia, "eum. tace fees, iaa 3:26 
Difference (oxygen) ... ... .. e eee 814 

100-00 


The yield of coke which any coal is capable of producing depend» 
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in a certain measure upon its constituents. In general the gaseous 
products cannot be expelled without carrying off with them a 
certain proportion of carbon. Could all the hydrogen, nitrogen, 
sulphur, and oxygen be expelled without carbon, the coal of which 
the above is an analysis ghould yield nearly 85 per cent. of coke: 
but the highest result obtained in the laboratory was only 693 per 
cent. The yield of coke however is dependent also to a certain 
extent upon the rapidity with which the coal is raised to the 
coking temperature, as the following five experiments will show. 

In the first experiment two crucibles carefully covered, con- 
taining Tursdale coal, were introduced into a close muffle, so that 
access of air to the contents of the crucible was rendered impos- 
sible. The muffle was at a very bright red heat, and the crucible 
having been put into it the mouth of the muffle was temporarily 
stopped. In one hour afterwards the crucible was removed, and 
the percentage of coke in one crucible was 62:18, and in the other 
6128. 

Inthe second experiment a crucible was introduced into the 
muffe when cold, and the temperature gradually raised during 
one hour to cherry red, and then maintained for half an hour at 
a bright red heat. The yield in this case was 66'12 per cent. of 
coke. 

In the third experiment two crucibles were introduced into the 
muffle when at a bright red heat, but not so hot as in the first 
experiment, and the temperature was maintained fer an hour. 
One crucible gave 64°77 per cent. of coke, and the other 64'20 per 
cent. 

In the fourth experiment a crucible as in the second experi- 
ment was introduced into the cold muffle, aud the temperature 
raised in an hour and a half to cherry red, instead of occupying 
only one hour as in the former case. The resulting yield was 
67°50 per cent. of coke. 

In the fifth experiment, a crucible introduced into the muffle 
ata dull cherry red heat, and kept at that temperature for one 
hour, yielded 69°40 per cent. of coke: A second crucible raised in 
one hour to a dull cherry red heat, and kept at that for one hour, 
also yielded 69°40 per cent. of coke. ‘ 

It appears from these experiments that the more rapidly the 
coal is coked or the higher the temperature of the oven into which 
itis introduced, the less the yield; and this is no doubt due to 
the greater readiness with which compounds of carbon and 
hydrogen containing an increasing proportion of carbon are 
formed, the more sudden or the greater the intensity of the heat. 
On the other hand, it was noticed in the above experiments that 
the coke more slowly made was more bulky, that is less dense, 
than that made more rapidly. This result fully accords with that 
obtained in some flued ovens in the north, the invention of 
Messrs. Breckon and Dixon; the coke produced by the flued 
ovens being much denser in character than that made in ordinary 
ovens. How far yield is interfered with by the use of flues isa 
question which admite of further inquiry; and at some future 
time the writer may be in a ition to make a comparison 
between Tursdale coke produer ih flued and non-flued ovens in 
order to determine this point. Taking an average however of 
several specimens of coke produced in ordinary ovens from North 
country coal, the specific gravity is only 1:00, whilst the specitic 
gravity of Tursdale coke made in the new ovens is 1°47. How- 
ever much therefore this high specific gravity of the coke may be 
due to some favourable pecnliarity of the coal, it is evident that 
in the new mode of coking both yield and density are secured. 
There is a further objection to coking from the bottom of an oven 
upwards, us in ovens having flues underneath the floor, from the 
fact that the two processes meet in an irregular plane about one 
third of the way up from the floor of the oven, and there result 
two measures, so to speak, of coke. This is perhaps a trivial ob- 
Jection, inasmuch as it interferes only with the commercial ap- 

ce of the coke, and is no real detriment to its quality; still 
it is one which is obviated in the new ovens. 


Mr. Cochrane exhibited specimens of the coke made in the 
ovens, illustrating the respective binding properties of the diffe- 
rent mixturles of slack employed, and in the course of the discus- 
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thick coal within the limits at present worked. Attempts had 
previously been made to coke the fine slack by itself, but had: 
quite failed; and he had then tried it mixed with Welsh bitumi- 
nous slack, to impart the requisite binding property, and with 
pitch, By this means the refuse ordinarily thrown away was 
converted into a coke even superior to the best coke made from the 
large thick coal, the proportion of pitch mixed with the slack being 
about 273 per cent. of pitch to 72% of slack. The coke obtaine 
had all the excellent qualities of the thick coal coke, and the 
same freedom from injurious ingredients, since the pitch imparted 
no noxious elements. In bringing the subject forward for dis- 
cussion his object was to show the practicability of the plan by 
the resulta already obtained; and also to ascertain how far the 
same process was capable of being extended to other non-caking 
coals, and whether the new form of ovens was suitable for 
other districts, as had already been found to be the case in 
the trials of the ovens at Tursdale with North country coals 
and at Briton Ferry with South Wales small coals. He was 
indebted to his son for carrying out the several experiments 
that had been made with different mixtures of slack. If a 
smaller proportion of pitch were used with the slack the mix- 
ture was not sufficiently binding, so thatthe coke produced would 
not hold together, but came out of' the oven all in small pieces. 
There was not the least accumulation of dust in the fluea, the 
draught on the ovens being so strong as to carry off any fine 
particles of slack. 

Mr. Sa«vEL LLoYD suggested that a saving might be made by 
placing a vertical boiler in the centre of the block of ovens, where 
the chimney at present stood, so as to economise the heat passing 
off from the ovens. He thought the heat would be found con- 
siderable from so many ovens, as four moderate sized coke ovens 
at their works at Wednesbury gave heat enough to raise the 
steam of & boiler 28 feet long and 8 feet diameter. The chimney 
might be placed in any convenient position near, with an under- 
ground flue to it from the ovens. 

Mr. CocHRANE replied that in this instance the boilers were too 
far off from the ovens to make that practicable; and it would be 
a question whether it was really advisable to encumber the ovens 
with a boiler, as there did not appear to be gus enough escaping 
from the chimney to be worth the trouble of saving. He further 
remarked that the new ovens had an important advantage in the 
greatly increased density of the coke prodtced, which had a t 
deal to do with ite quality as fuel and its value in the blast 
furnace: with the mixture of fine slack and pitch, the specific 
gravity of the coke produced was as much as 1:25 or 1:30; and 
the Tursdale coke made in the new ovens had a specific gravity of 
147, while that of the best North country coke scarcely reached 
1'00 in the regular make. "This showed clearly the importance of 
preventing the waste of so much valuable material out of the 
coke, which at present took place with ordinary ovens, The 
specific gravity was ascertained by weighing tlie coke solid in air 
and in water. 

In reply to a question as to what was the value in the blast 
furnace of the coke make by the new method, as compared with 
the best North of England coke, Mr. Cochrane said that there 
was no question as to the superiority of the Staffordshire slack; 
it made a better and purer coke than the North country coals, 
whether coked with pitch alone or with a mixture of Welsh slack 
and pitch. With Durham coke they were not able to make a good 
open-faced grey forge pig, but with this coke good grey pig was 
regularly made. It also gave a better yield in the furnace than 
either the Durham coke or that made from the thick coal. The 
slack was not picked or cleaned in any way before coking, but 
was put in the ovens just as it was thrown over the bank; the 
fine slack that he was using was the refuse left after the 
coarse slack had been screened for making what was called breeze, 
to be used under boilers and for other purposes. In this way 60 
tons of coke per week were now being produced from refuse 
coal slack, previously of no value whatever. 

In answer to an inquiry whether the mixture of Welsh slack 
or pitch alone produced the cheapest coke, Mr. Cochrane said 
that the coke made with pitch alone was the cheapest at their 
works at Dudley, about le. per ton cheaper than with Welsh 
slack, on account of the price of the Welsh slack and the cost of 
conveyance from such a distance. The costof the two modes of 
coking in any locality depended of course on the relative cost of 
the materials for mixing; and the estimated cost given in the 
paper was of a general character, based upon the full market 
value of the pitch and Staffordshire slack, which however had 
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been obtained at a lower rate in this particular instance at their 
works at Dudley. The mixture with pitch alone gave the coke 
that made the best iron; with this coke grey forge pig iron could 
be produced with great facility, as the sulphur contained in the 
coke was not more than 0'8 per cent, whilst that quality of iron 
could not be made with Durham cokes at all. 

Mr. J. PAppEx observed that the economy and advantage of 
any mode of coking would vary much in different localities, 
according to the quality and cost of materials in the district. In 
Staffordshire it was a t object to economise the waste slack 
now thrown away as useless; and the plan of coking just described 
converted into a valuable fuel what was otherwise worthless. In 
some parts of South Wales also there was material which had 
never before be&u converted into coke, such as the Aberdare slack 
and other small coals, and this was now coked in the new ovens 
by mixing with it a portion of bituminous slack. In other parts 
of South Wales however the case was not the same, the cost of 
slack being not more than 25. or 3s. per ton less than that of the 
whole coal: where the slack was bituminous it made good coke 
by itself without any mixture, and anthracite slack was mixed 
with half as much of the bituminous slack, producing one of the 
best blast-furnace cokes in South Wales, which cost only 8s. 6d. 
or 9s. per ton. The value of the new ovens he thought had been 
rather understated in the paper than the contrary, the coke havin 
being weighed dry immediately on being drawn; but if stacke 
and Tett exposed to the atmosphere some time, as was usually the 
case, it absorbed a considerable proportion of moisture, which 
increased the apparent weight; and in estimating the commercial 
value of the coke as compared with that made in the ordinary 
ovens, both should be weighed under the same conditions. Even 
without this precaution however, the new ovens appeared decidedly 
superior in yield; he was satisfied they would yield in regular 
work as much as 70 to 75 per cent. of the coal used, and knew of 
one instance in which the yield reached 78 per ceut., when the 
coke would have weighed still more if it had been left stacked after 
drawing. As regarded the duty of the coke in the blast furnace, 
he had seen the new ovens working at the Briton Ferry Iron 
Works, and was informed by the furnace manager that the coke 
from the new ovens did fully 7 per cent. more duty, and was a finer 
coke than any made from the same coal in ordinary ovens. The 
new ovens had therefore a superiority not only in the greater 
yield and density of the coke produced, but also in giving the means 
of making a commercially valuable coke from a material never 
before successfully employed for any useful purpose; and he was 
aure the economical using up of the vast quantities of waste slack 
at present thrown away was a most important problem for the 
future prosperity of the South Staffordshire district. 


———ÁíÜ|..———— 


ON THE PRESENT ASPECT OF THE FINE ARTS IN 
ITALY, WITH ESPECIAL REFERENCE TO THE 
RECENT EXHIBITION IN FLORENCE. 

By M. Dicsy Wyatt, Architect. 
(Concluded from page 76.) 

Ix dealing with the subject of oruamental carving in wood, we 
have already taken cognizance of one of tbe most important ele- 
ments essential to the production of beautiful furniture. There 
remain, however, two or three special processes, which have been 
classed by the Florentine Commisiouers under the head of Furni- 
ture, and which merit particular attention. 

The niost important of these is unquestionably mosaic in pietre 
dure, glass, &c. ; and the second, that form of mosaic which con- 
sists in the inlaying of different coloured woods, and which we 
generally understand by the name of marquetry. 

The former of these processes embraces two distinct varieties, 
the one suited for internal use only, and the other for both external 
and internal use. 

In the first named class, the now royal, but formerly grand 
dueal manufactory, for the execution of wbat we know as Flo- 
rentine mosaic, naturally occupied the most eminent position. 

Having, ina report I was employed to write for the Board of 
Trade on a class in which the productions of the grand ducal 
manufactory were included, in the year 1855, gone at some length 
iuto the subject, Ineed not recapitulate the details I then col- 
lected concerning the history and character of that establishment. 
I may, however, state that the same technical perfection which I 
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had then occasion to praise, and the same faults, as it appeared to 
me, of judgment in the general design of the principal objecta 
which i then pointed out, may still be considered to characterise 
the productions forwarded to the exhibition under notice. 

Thus the principal object, upon which it is said that vast sums 
of money and very many years of labour have been lavished, the 
altar frontal for the Chapel of the Medici, in San Lorenzo, is, it 
appears to me, altogether a mistake. With extraordinary patience 
aud skill, materials of the most precious kinds have been selected 
and fitted to one another with microscopical precision, in order to 
reproduce a picture of the “Supper at Emmaus ;” and, after all, 
wonderfully, but not successfully. In other objecta, such as a mag- 
nificent table top, in which flowers, fruit, and birds are introduced 
in combination with conventional ornament, a very much happier 
result is obtained. The best understood, however, of any of the 
productions of the royal manufactory, appeared to me to be the 
fine wardrobe in walnut wood, inlaid with panels of pietre dure, 
limited in design to almost entirely conventional ornament. 

Private manufacturers have during the last twenty years been 
creeping up in excellence, as the grand ducal school has been some- 
what losing its old monopoly of excellence; and we now recognise 
specimens forwarded from private studios of almost equal merit 
to those wrought at the government establishment; thus, in point 
of pictorial mosaic, the centre and medallions of the great table 
executed by Bianchini, are more effective than the tour de force of 
the royal fabric, the “ Supper at Emmaus,” although perhaps not 
quite so perfect inexecution. In the centre of this table is a pic- 
ture of the adoption of Giotto by Cimabue, executed with extra- 
ordinary delicacyand dexterity. Among the highly commendable 
specimens of this class of mosaic are also the table tops executed 
by Francesco Betti, and the Brothers: Lattici, of Florence. 

For those whose pockets are unprepared for such drafts as the 
purchase of any of these splendid works would necessarily make 
upon them, similar objects, made in scagliola, and producing an 
equally brilliant effect, may be obtained at greatly reduced prices. 
One slab, executed by Picchianti and Son, of Florence, none but 
the most experienced eye could detect as being an imitation 
instead of an original. 

Of the various materials in which pietre dure slabs are inserted, 
none appear to me to blend with it more successfully than ebony, 
and this happy union could not be better exemplified than in the 
beautiful little casket executed by Barzanti of Florence, which, 
both in the excellence of tlie mosaic and the taste with which the 
object is made up, could scarcely be exceeded. 

In addition to mosaics formed with natural stones and marbles, 
some specimens of an agreeable, though rather too brilliant effect, 
formed by the insertion of artificial aventurine (made in glass) 
into marble and metal work, were exhibited by Signori Bigaglia 
of Venice, and, being a novelty, appeared to be highly appre- 
ciated by the Italians. 

The other branch of mosaic based upon ancient Roman and By- 
zantine processes, is an art which has been steadily kept up in 
Italy, partly through the maintenance of the great Papal manufac- 
tory at Rome, and partly through the necessity of constantly supply- 
ing workmen and materials suited for restoring the t monu- 

ments scattered throughout Italy and Sicily, embellished both 
within and without with this luxurious decoration. But it is only 
recently that an attempt has been made to organise 3uch facilities 
of production as may enable private manufacturers ty offer their 
works in this department of industry for public sale. der seems 
every reason to anticipate that this industry will assume large 
proportions, from the demand existing for such architectural 
accessories, not in Italy only, but in all the highly civilised 
countries of Europe. e best specimens were ‘hone sent by 
Salviati and Vincenzo Redi, of Venice, one a representation of St, 
Nicholas, from St. Sophia at Constantinople, evidencing a power 
to reproduce the ancient Byzantine processes, and thé other a 
figure of Christ, from St, Mark's at Venice, exhibiting/an equal 
mastery over the Greeco-Italian processes employed in that cathe- 
dral. Another competitor for patronage in this department of 
industry was Antonio Gazetta, of Venice. In all of tfhese works 
the difficulty of producing good flesh-tints and prope#ly vitrified 
gold-ground mosaic, appeared to be successfully ove 

In glass, Í am sorry to say, there was but little to 
the exception, perhaps, of the ruby glass of Piezaro, 


the stained glass generally being inferior to conte rary pro- 
ductions in France, Germany, and England; whileg in cut and 
cast glass the form and ornaments were poor aud fonworthy of 
notice, How much of the reproach of insignificlhnce in tbis 
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department might have been removed had the establishments of 
Murano freely contributed the resulta of their best exertions it is 
difficult to say. Let us hope that whenever the next Exhibition 
of the producta of United Fealy may take place, the descendants 
of those who in the old time thought it no degradation to their 
nobility to be masters in the craft and mystery of glass making, 
may successfully vindicate their forefathers’ reputation. 
ceramics, however, there was much to interest. 

At the head of this branch of industry stood, without a rival, 
the venice Ginori, who now sustains, to his own credit no less 
than profit, the old factory at Doccia, founded in 1736 by one of 
his ancestors. In fine porcelain the productions of the establish- 
ment leave little to be desired as to the quality of the paste, but 
the painting is as yet unequal to the excellence of the mate- 
rial. The most remarkable and characteristic of Ginori’s produc- 
tions are the imitations of ancient majolica, for his improvements 
in the manufacture of which the marquis gracefully acknowledges 
himself indebted to the talents in chemistry of one of his protéges 
and assistants, Signor Giusto Giusti, whose death in 1858, while 
scarcely in the summer of his intellectual powers may be a 
source of regret, not to the marquis only, but to all Italy. 

Many of these imitations of ancient majolica, and more particu- 
larly of the Fontana and Zuccheri types of it, are so ably executed 
as to imperil inexperienced collectors, who are too apt to believe 
that it is possible to obtain by chance objects for ten pounds 
eagerly sought after by many really well informed in such matters, 
who would not hesitate to give ten times the sum for undoubted 
specimens of the works imitated. Let one and all discard such 
vain illusions, and beware of either too cheap or too dear articles 
de vertu, in Italy. T was happy to notice that some of the most 
graceful of the Doccia productions were purchased by English- 
men, and among others, one of the smallest but prettiest, by our 
friend Mr. Crace. 

In one of the great difficulties of the potter's art, that of burn- 
irg large groupe in biscuit, and allowing them to cool without 
cracking, the Marquis Ginori has not povi altogether suc- 
ceasfal, yet the design and modelling of his principal specimen 
deserved a more successful treatment in firing. 

Although he may be considered as without any serious rival in 
the production of porcelain, in some of the appliances of earthen- 
ware with enamelled glazes he meets with competitors of almost 

ual ability. Thus, in the revival of pavements similar to those 
which floor the celebrated loggie of the Vatican, made it is believed 
by Girolamo della Robbia, Bernardino Papi, of Sienna, proves 
himself a thoroughly capable manufacturer. As also in Ginori's 
revival of the Luca della Robbia ware, others of the Lombard 
potteries prove that he his not alone in his knowledge of the pro- 
cesses by which such objects were anciently wrought. 

In ordinary terracotta, such as those suited for stoves, large 
gatden flower pots, and architectural ornaments, Bacci of Flo- 
rence, Carlo Vanni of Impruents, near Florence, Filippo Martinez 
of Palermo, and Rafaelle Piegaia of Lucca, exhibit very excellent 
productions, thereby demonstrating how widely a knowledge of 
these processes of old repute in Italy is spread. 

Nor is it alone in quality that the specimens forwarded by 
these manufacturers excel, since in price it would be difficult in 
any other country, I think, to match them. For example, really a 
graceful stove in terracotta, burnt by Furlani, and such as in 
this beget I believe, would not probably be procurable under 
£3, I had the pleasure of buying for 25 francs, or £1; a much 
more ambitious and larger stove, of the same kind, by Ginori, 
was priced 80 francs, or about £3 4s. It is much to be desired 
that the Committee of Fine Arts for the decoration of the Horti- 
cultural Society's grounds at Kensington may find English manu- 
facturers equal to the productions of vases and other features for 
the embellishment of gardens at similarly reasonable rates, since 
not a few proprietors of more modest gardens throughout the 
country are craving for such objects at prices a little less extrava- 
gant those they cannot avoid paying now-if they would 
introduce any similar ornaments amidst their shrubs and flowers. 
In ordinary tiles of inlaid clays suitable for moeaic, the Cavaliere 
Avila Altoviti, of the Val d'Arno, reigns supreme. 

Marquetry—mosaic in woods—is an art of oriental origin, 
communicated to and almost entirely monopolised by the Italians 
for several centuries of the middle ages. In the North of Italy 
it is still highly popular, and both at Paris, in 1855, and the pre- 
sent exhibition, numerous specimens were to be seen—not in all 
cases sufficiently quiet in colour, or well understood in application, 
but almost invariably well and boldly executed. The absence of 
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Gatti, of Rome, whose ivory and other inlay was. so highly 
admired at Paris, is greatly to be regretted, as nothing in this 
Exhibition is equal to the small cabinet he there exhibited in 1855. 

The best specimen of inlay, and probably one of the best of 
furniture in the whole Exhibition, is presented to us in the table 
for a d saloon, made by Guiseppe Fontana, of Pisa. This 
piece of furniture is in fine old Siennese style (that which shortly 
preceded the year 1500), and leaves little to be desired. Tho 
remaining furniture in the Exhibition is of good ave quality, 
requiring no particular remark, if we except the good lac-work, 
in imitation of Chinese, of Luigi Zampini of Florence. 

Some buhl-work wassent from Genoa, by Jacinto Grosso. Ina 
carved picture-frame, by Lorenzo Papi, of Florence, I observed a 
particularly pleasing effect produced by placing walnut wood carved 
in open work overa gold ground. I need scarcely note how good 
and cheap, and how well gilt and burnished the ordinary carved 
picture-frames of Florence now are. 

The class of silk fabrics will no doubt, be so ably noticed by my 
friend, your vice-president, Mr. Winkworth, that Ineed do no 
more with respect to it and other textile fabrics than remark that 
as far as my powers of observation extend, in none, with the ex- 
pans of the embrioderer’s art, was there any great evidence of 
able design in connection with their production, 

In carpets the Italians are altogether behind-hand; but some of 
their silks and velveta for upholstery, particularly the latter, are 
by no means bad. I did not notice any good lace in the Exhibi- 


' tion, but both at Venice and Genoa I have seen modern nearly 


equal to the old. Some of the fine thread needlework on cambri¢ 
was exquisite. 

In book production and decoration, although the glories of the 
classic printers of Italy—the Aldi, Giuntus, Giolitos, and Bodonis 
—were not perhaps fully sustained, there were many evidences of 
excellent capability. In bookbinding, particularly, the houses of 
Vezzosi of Turin, and Binda of Milan, took very high places, both 
for excellence of work and taste in the application of ornamental 


lor to the requirements of their special branch of industry. 
e 


bave already noticed the perfection attained by the Italiana 
in engraving and chromo-lithography, arts now all but indispen- 
sable to the perfection of luxurious typography. It remains only 
tosay a word or two in vindication of the national powers in the 
art of engraving on wood. I observed scarcely any specimens in 
the Exhibition, but in contemporary publications, and more par- 
ticularly in the Giornale del? Esposizione Italiano, I noticed many 
examples of fair average excellence. 

Such are a few observations which occur to me in respect to 
the present Italian industry, as exemplified by the products dis- 
played in the Exhibition at Florence, and with your permission 

will now proceed to add a few remarks touching the even more 
important question of the possible Italian Art-Industrial future, 
as now foreshadowed. 

As there can be no fire without fuel, so there can be no fruitful 
production without education; and it is from the withdrawal of 
the restrictions which have hitherto tended to discourage every 
class of practical instruction, throughout most of the States into 
which Italy has been divided, that the probably most prolific 
source of future benefit is to be anticipated. Thus in the fine 
arts, although many costly literary works—such as the “History 
of Painting," by the late Professor Rossini, of Pisa; the “ Illus- 
trations of the Certosa of Pavia," by Durelli; of Milan by 
Cassina; of Venice by Cicognara; of Ancient Art by Canina; of 
the Museo Borbonico, by the Neapolitan Government; and of 
the Florentine and other academies— have been produced, mainly 
in answer to a foreign demand, there is an almost entire blank in 
the contemporaneous supply of what may be understood as school 
books of art fit to place in the hands of workmen and students. 
Since the days of Mengs, Algarotti, and Visconti, but few Italian 
writers have followed closely those theories of msthetics which 
have largely en public attention in Germany, France, and 
England, and still fewer have endeavoured to methodise aud 
popularise those texts for the practical instruction of the student. 
Giobert's eloquent and learned essays, “Del Buono,’ and 
“Del Bello," are far too ethereal to be palatable to the general 
reader; while the master mind of Nicolini, the early bent of which 
inclined strongly towards the solution of art questions—as 
evidenced in his excellent discourses on Orcagna, Michael Angelo, 
Leon Battista Alberti, on '*The Connection between Poetry and 
Painting," and on “The Influence of the arts on Social Life"— 
became subsequently engrossed by political, literary, and educa- 
tional questions, of even more serious import to Italy. 
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‘Among modern writers on the subject of the fine arts, the 
Count Salvatico, the Marchese Ricci, and the Marchese Roberto 
D'Azeglio, may be considered as having effected the largest 
amount of g ; but there is still much to be hoped for, now that 
it is possible for the books published in one part of Italy to be 
read in others, besides those in which, having eluded the Scylla of 
state censure, they were imperilled and imprisoned by the Cha- 
rybdis of heavy and almost impassable barriers of state dues and 
inquisitorial police. 

Tothe workman, however, there are practical sources of instruc- 
tion even more valuable than the text books of his art. These 
are to be recognised in the works of his contemporaries. What 
can be imagined more instructive for an apprentice than to have 
placed under his eyes the best performances of his master con- 
trasted with those of other manufacturers? What more beneficial 
than to be able to examine the productions of those who in any 
special branch of industry are superior even to the master he has 
been accustomed to recognise as to him its practical head? Such 
instruction is to be derived from Exhibitions such as that under 
notice; and it is to be hoped that the present may be but the first 
ofa long series iu which from year to year, and in different locali- 
ties, the Italians may take stock of their own advancement, and 
from time to time enjoy opportunities of comparing their own 
productions with those of other, and perhaps in a commercial 
sense more advanced, nations of Europe. The tendency and 
ultimate result of such comparisons and such stimulants will no 
doubt be in Italy, as their action has already frequently proved in 
other countries, to convert exceptional into staple productions; 
and to lead to the contirmation of a manufacturer, treading with 
hesitating steps the path of uovelty, in branches of industry ulti- 
mately destined to confer riches and honour on the land in which 
they may be originated. There is, too, in these Exhibitions a 
species of combination and subordination of means to a common 
end, the moral effect of which, for the Italians especially, cannot 
but be most excellent; and may tend strongly to correct, by a 
system of aggregation, the tendency to isolation so largely deve- 
ioped, even among the working classes, by antecedent social aud 
political restrictions. 

It is difficult for any traveller in Italy now, who may be at all 
acquainted with the great founts of Della Cruscan literature, not 
to recognise the deterioration which has befallen the noble Italian 
language, a deterioration commencing, perhaps, with the redun- 
dant epithets of Marini, and continued through tbe iuanities of 
the “Compagnia famosissima della lesina,” and of the still more 
celebrated Arcadian academy, to the present comparative decrepi- 
tude of once vigorous speech. Owing to a want of unrestrained 
communication, and of freedom of discussion, oral or written, on 
any but the most trivial subjects, there have been developed of 
late years tendencies—to cling to defective patois by way of con- 
cealing convictions on the one hand, and to verbosity, as a means 
of disguising ignorance, on the other hand—which have 
nourished the weeds of both Italian thought and Italian language, 
to the choking up of the flowers which were wont to spring so 
spontaneously from that ancient hod-bed of civilisation. This 
will, no doubt, be speedily rectified by a free press, and that 
facility of intercommunication by means of railways, which will 
ultimately obliterate the provincialisms complained of. 

The same general principles of repression that checked the 
development of thought, that enfeebled the language, and barred 
the practical usefulness of the middle classes in Italy, condemned 
almost as conspiracy any attempts in the lower classes to remedy 
by combination the evils incident to their being left, as it were, 
without those natural leaders in art and industry which the 
middle classes in free countries invariably supply to the artizan. y 

Another unquestionable source of probable benefit to the arts 
in Italy must be recognised in the development of principles a 
proaching to those of free trade, as opposed to old obnoxious tarifis 
and in the increase of commerce and the profits arising from trade 
and manufactures to be thereby induced; for we cannot forget 
that it was out of the fulness of business profits, rather than an 
other source, that the funds were supplied in old times which 
led to the creation of those noble monuments which gave to the 
Italy of the fifteenth century its pre-eminent position in the 
history of art and art industry. 

While it is true that a high development of industrial art is not 
an inevitable attendant on the existence in any state of a high 
degree of social and political liberty, in cases where the genius of 
the people is not bent in that direction, it is certain that where 
the tendency of a population is so strongly set as to have main- 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL 


TApetl 1, 1668 


tained during ages of repression, and under cireumstances of the 
mos‘ antagonistic description, such an amount of capability as is 
now manifested by the Italians, those germs—dormant, or nearly 
80, during periods such as those referred to—will fructify a hun- 
dredfold under institutions calculated to develope personal inde- 
pendence and free action in that direction towards which the 
sympathies and aspirations of an enthusiastic people congenitally 
tend. 


A comparison of the past with the present, and a correct appre- 
ciation of the phenomena of each, may certainly justify what has 
been predicted of the future of Italian art industry; but there 
exists yet another source from which as much fruit may be pro- 
bably anticipated as from any of the reliable conducing causes to 
which allusion has been made. Such a source is to be found in 
what is commonly called “the chapter of accidents.” As perhaps 
the brightest, though most sadly tarnished, Arnerican genius, 
Edgar foe acutely remarks—‘ The history of human knowledge 
has so uninterruptedly shown that to collateral, or incidental, or 
accidental events, we are indebted for the most numerous and 
most valuable discoveries, that it hasat length become necessary, 
in any prospective views of improvement, to make not only large, 
but the largest allowances for inventions that shall arise by chance, 
and quite out of the range of ordinary expectation. It ia no 
longer philosophical to base upon what has been, a vision of what 
is to be. Accident is admitted as a portion of the substructure, 
We make chance a matter of absolute calculation.” Without 
going so far as this writer, we may yet carry a large sum to the 
credit side of our account from what mathematicians bave 
designated “the doctrine of probabilities.” 

Thus, then, it is with a hope almost approaching to certain 
anticipation, and in serious though rather than glowing sympathy, 
that I venture to augur, from the combination of the excellence 
already attained, with the facilities for progress opened by its new 
political constitution, a future for the arts and industries of Italy 
such as may place them on a level with, if not in advance of, the 
most successtul worshippers at the shrine of beauty in any other 
country of Europe. 

It remains for us now, iu the last section of this essay, only to 
endeavour to derive practically the largest amount of benefit we 
can from the past experiences of the Italiana, and from the 
lessons which their productions past and poen. may teach us 
in the present day. The most important of these, it appears to 
me, is to recognise how, under all circumstances, the Italian de- 
mands art, not as a luxury, but as a necessity. If he cannot have 
it in good material he will have it in bad; but insome shape or 
other his eyes must be gratified with that without which vision 
would be to him but comparative blindness. If, for instance, the 
view from one of his saloons is terminated by a blank wall, as 
is the fate of many of those who dwell in our London houses, 
rather than let that wall remain a blank he will employ an artist 
to make him a design of an architectural or pictorial character. 
That desigu, if his means permit him to execute in marble, no 
material will be too costly ior him to employ; if he cannot have 
it in marble he will have it in stone; if he cannot atford it in stone 
it will be in stucco; if he cannot afford it in stucco he will have it 
painted; if he cannot afford to pay anybody to paint it he will 
endeavour to do it himself; if he cannot paint it himself, or 
afford to pay for ita being done, he will cover it with creepers 
—]but supply his craving he most assuredly will. If we could feel 
the same active want, it is unquestionable that our greater 
amount of vital energy and greater wealth would lead us even 
better to supply our cravings than the Italian is enabled to gratify 
his. What then is most wanting in us is an ardent desire for the 
beautiful. I am far from saying that this desire does not exist in 
a large and rapidly increasing percentage of the English people, 
but with us it is so interjectional a sensation as to lead to com- 
paratively little practical result. The rich man who sees a 

icture or statue which pleases him, will buy one or other, or 
th, but how seldom with the least consideration of special fit- 
ness for supplying any particular want—much thought of, long 
cherished, and carefully determined upon. The nature of such B 
want, and the best mode of supplying it, will occupy the earnest 
thoughts of the Italian, but with an Englishman, in a general 
way, the inclination will be but desultory, and if not supplied at 
a moment when strongly felt it will pass away, and perhaps never 
meet with realisation at all. 

Another lesson of great importance to us may be derived from 
the fact that, both in the past and in the present the Italians have 
never been in the habit of looking at any one art as perfect in a 
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condition of isolation from others, To produce for them the effect 
of beauty or nobleness all must contribute. Colour is just as 
emential as sculpturesque form, and both must be held in subor- 
dination by the symmetrical conditions of architectonic disposition 
of linea and spaces. 

We, unfortunately, now see too many of the great monumenta 
of Italian art stripped of half their furniture; but if, from the 
relics of perishable objects preserved in museums, such as that 
at South Kensington, we attempt to restore to those denuded 
monuments, to those ransacked palaces, “those banquet halls 
deserted,” the embellishments we ise as having formerly 
belonged to them, we shall at once see that the attainment of a 
really perfect effect in monuments, the beauty of which was do- 
puo upon the combination of the fine arts, could only, in 
talian eyes be Properly effected by superadding with profasion 
all that the industry and ingenuity of the most skilful workman 
could produce in the industrial arts. 

To this union of all the fiue arts among themselves, with the 
industrial arts attending as their handmaids, we must look as 
the most important element in all magnificence; and if we would 
emulate the Italians, we must not rest until we have learned to 
blend all cognate arts and industries iu harmony. 

The third great merit in the best Italian production, whether 
in a small article of industry or in the most magnificent monu- 
ment, is nobility of inclination. 

The mistake, for instance, of building the front of a palace in 
stone, and suddenly dropping off, the instant the corner is turned, 
into brick, might occur to even a millionaire in this economical 

, but would scarcely have presented itself to a Medici, or a 
arnese, in the old days of Italian magnificence. Not that the 
wealth, or the inclination to do what is handsome, might be less 
in the one case than in the other, but that public opinion and sys- 
tem would keep the patrons of old Mani ig and allow those of 
to-day to fall into what cannot but be regarded as an architectural 
meanness. 

It would be, of course, too hard to point to any particular 
cases where hundreds are almost daily guilty of committing 
similar solecisms in taste, but unless we are to look for the exem- 
plification of nobility of structure to those whose means place it 
within their power, how can we expect it from those to whom an 
increased expenditure might be a really important consideration 1 

Nobility of material lavishly used, ample space, solidity of 
structure, and the gift to the eye of something obviously designed 
rather to please than to pay, together with the effect that such 
departures from rigid utilitarianism produce instinctively on the 
spectator —sources of effect lavishly indulged in in Italy at every 
period of her history—are only beginning to be appreciated 
amongst us in the present day. 

At the times when architects, such as Inigo Jones, Wren, 
Gibbe, and Chambers, endeavoured to maintain in this country 
the principles of grand Italian architecture, founded upon the 
universal practice during the best classical and medieval periods, 
marble, oak, and stone were freely used. Cortiles and loggias, 
colonnades and arcades, were not banished as profligate waste of 
ground and money. Carving, and the elaborate working out of 
ornamental features in true and just proportions, were considered 
to be essential to fine effects. Paintings were not to be hung as 
by accident against walla—here a Madonna, and there a set of 
boors drinking—but allotted places were provided for them, in 
the vaults and on the walls of the principal apartments. Seul 
tare, too, found its niches, and when English talent failed tosupply 
it, the services of foreigners, in despite of strong insular pre- 
judices, were freely enlisted. And it was precisely when the 
public taste adopted a meaner class of building materials, a grudg- 
ing spirit in the distribution of space, and a lower kind of internal 
decoration, that the arts of design in this country, with some few 
honourable exceptions, fell to zero. From that pitch (if I may 
use the expression) of degradation and disintegration, they are 
now happily rising into a concrete and perfect form, with a reaction 
the vigour of which is scarcely to be paralleled in the world’s 
history. We are beginning to do better in each separate depart- 
ment of production, we are beginning to recognise that excellence 
in one must necessarily be combined with excellence in others, 
aud we are beginning, in fact, to learn and practice the very 
tem still lingering in the hearts and habits of the Italians. May 
-weadvance with them, and they with us—for it is one of the hap- 
pe conditions of all true art, that if it be worthily carried to per- 

ection, its universality must breed honourable emulation, but 
hever envy or jealousy. 
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ON 80ME RECENTLY EXECUTED DEEP WELLS 
AND BORINGS. 
By Grorcr R. BunsELL, CE, F.G.S, FSA, 
(Concluded from page 78.) 

Ir may be worth while to call attention to the mechanical 
means adopted by M. Kind in sinking a boring of the large 
diameter of 2 ft. 4 in. to the enormous depth of nearly 2000 feet 
from the surface. The work was commenced by a shaft, as 
usually is the case, and after it had been sunk to & depth of about 
50 feet the boring commenced, and was continued with as nearly 
as possible the same diameter to the bottom. M. Kind employed 
for this purpose what may be called rods with releasing joints, 
very closely resembling the joints introduced by CEuyenhausen, 
which allowed the cutting portion of the tool to be raised a certain 
height and then to be released automatically; this arrangement 
was adopted iu order to avoid the lashing of the sides of the bore 
by the long rods, and to regulate the force of the blow. The 
cutting tool used by M. Kind also differed from ihe tools gene- 
rally employed, for it consisted of a single or a double trepan, 
according to the nature of the ground, instead of the ordinary 
chisels and augurs. A patent was taken out for these tools Dr 
M. Kind, No 13,478 of the year 1854, the specification of whic 
contains a series of engravings of the various modifications pro- 

for the various kinds of rock; in the Annuare Scientifique 
for 1861 illustrations will also be found of the ordinary trepans 
and of the slide joints. M. Kind is able, by these combinations, 
to strike as many as twenty blows in a minute with the greatest 
regularity at a depth of 2000 feet. ‘The patent of 1854 apecifies 
also certain methods of lining the sides of the borings; but it 
must be confessed that they do not seem to me to any 
great merit, and indeed M. Kind had more difficulties to encounter 
at Passy from the collapsing of his tubes than from any other 
cause. It is a common error of well-borers to undervalue the 
effort exerted by clays swelling when ch with water; and 
the great delays encountered in sinking the Pasay well were pre- 
cisely caused by the false economy introduced in the execution of 
the tube linings. The time actually employed in sinking the 
Passy well was nearly the same as that employed at Grenelle; in 
the former instance it was 6 cg 275 days, in the latter it was 
7 years 90 days. The cost of the Grenelle well, as above stated, 
was £14,000; that of the well at Passy was £40,000, but it must 
be observed that the quantity of water, delivered at the same 
height in the two cases, is ten times greater at Passy than it is at 
Grenelle; the rates of delivery are, in fact, nearly in the direct 
ratios of the diameters. 

I have not been able to learn whether the artesian wells of 
Elbceuf and of Rouen have been effected by the completion of 
the new well at Passy, and at present I am inclined to believe 
that they may escape this action, on account of their proximity 
to the enteriug ground of the lower green sands, on the western 
margin of the cretaceous basin. At Tours, however, so mauy 
wells have lately been sunk (in an early edition of M. Degoussé's 
excellent * Guide du Sondeur, that gentleman mentions that he 
himself had executed no less than sixteen of ther), that the sub- 
terranean supply is becoming exhausted, and, as in the case of the 
wells supplied by the basement beds of the London clay, the lower 
green sand wells are gradually losing their artesian character. In 
two wells also, at Evres and Ferriéres, the subcretaceous forma- 
tions yielded no water; and in thelatter the bore was even carried 
to a depth of 30 feet in tlie great oolitic, or Jura limestone series, 
without obtaining a supply. I call especial attention to this fact, 
because it illustrates again the uncertainty at all times overshadow- 
ing the execution of the first deep wells in a particular district, and 
that the stratum which yields water in one locality is likely to be 
unable to do so in another. The enterprising gentlemen who are 
engaged at the Hastings well should bear this fact in miud; and 
though I believe that after they shall have traversed the lower 
Sedibus of the Wealden series, they are more than likely to find 
the upper or Portland oolite, which is of sufficient water-bearing 
power to insure them a good supply of water, they must also be 
prepared for disappointment. The Hastings well is already 553 
feet deep, still in the Hastings beds, and as these have never yet 
been traversed, it is impossible to say whether they will be found 
to be seven or seventeen hundred feet thick. Most probably the 
former guess will be found to be the more correct, because the 
town of Hastings is situated at a low horizon in the series of 
Weald beds; but all operations of this description at Hastings 
must for the present be conducted in doubt as to the ultimate 
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result, however strong may be the hopes of success. The character 
of the strata already traversed, and of those likely to be met with 
at Hastings, leada me to believe that M. Kind’s processes would 
be perd applicable there, but the success of such an opera- 
tion would still boa mere matter of speculation, such as ought to be 
leftto private enterprise. 

I dwell a little on this point, because the Board of Guardians 
of Brighton are engaged upon a similar sapere at a place 
called the Warren Farm, near that town. It is not my place to 
criticise the mode of execution adopted in carrying on this work, 
but I cannot refrain from saying that them are many things about 
it which seem to me to be in opposition to the opinions now 
entertained by scientific engineers; and I gravely suspect that, 
even if water from the subcretaceous formations should be obtained 
at this well, it cannot by any possible chance rise near the aur- 
face, which, at the Warren Farm, is not less than 410 feet above 
the mean tide level. It is inexplicable to me also, that this well 
should be continned by means of a shaft at the great depth 
already reached, instead of by means of boring; and I regret 
bitterly to see an experiment, which has been carried on hitherto 
with so much spirit, compromised by what I consider the mistaken 
course latterly adopted. At Brighton, nevertheless, the only 
chance of securing a supply in the parts of the chalk basin lying 
beyond the influence of the faults or “cross throws,” which have, 
for instance, enabled the Water Works Company to obtain, as is 
said, one million gallons per day, is to penetrate the chalk to the 
lowergreen sand. Notwithstanding the cost of the previous ex- 
perimental borings in the surrounding counties, I am convinced 
that the cheapest manner of effecting this object would have been 
to have bored, rather than to have sunk a shaft, and even now the 
Guardians would do wisely to adopt this course, especially as 
theirs is really the first experimental shaft or boring on the east 
bank of the Arun. It is, however, a sad uliarity of the 
municipal bodies of England, that they are always disposed to 
listen to those whom it is the fashion to call “ practical," in con- 
tradistinction to "scientific" ien, as though the mere fact of 
working “by rule of thumb? gave men truer insights into the 
laws of nature than long study and careful observation. At 
Brighton this seems emphatically to have been the case, and in a 
report addressed to, and received by, the Board of Guardians, 
the opinions of three practical well-borers are quoted as to the 
probable cost of continuing the well at Warren Farm, but no 
opinion seems to have been asked from such men as Mr. Hawksley, 
Mr. Mylne, or Mr. Homersham, who have brought great expe- 
rience and deep study to bear on the hydrographical conditions 
of this district on other occasions. It is one of the fashionable 
theories of the day that a scientitic education incapacitates a man 
for the exercise of a profession, and that the most able men in 
any branch of art or science are those who liave not been brought 
up to pursueit. Under these circumstances it may not be sur- 
prising, however unfortunate It may be, to tind empiricism pre- 
ferred to science, or that the Brighton Guardians should avoid 
taking the opinions of really eminent engineers. 

In stating, in the previous part of this paper that I should 
return to the question of the abnormal beds met with at High- 
gate, I had especially before my mind’s eye the cases of the well 
sunk under my own orders at Warnham Court, near Horsham ; 
and at Red Hill, by my friend Mr. Docwra. In the former case, 
the boring, after it had been carried through the sandstones, 
clays, and shales of the upper Wealden deposita, passed at a depth 
of 142 feet from the surface into a bed of red clay and sandstone 
intermixed. At first, I believed, from the external characters of 
the materials, that they were of the same nature as the beds 
found at the bottom of the Kentish Town well, and 1 was sup- 
ported in this opinion by several distinguished geologists to whom 
I showed the samples. As the Kentish Town beds were, at the 
time I refer to (about five years since), universally considered to 
be members of the new red sandstone series, of course I regarded 
the Warnham bed as one of the same range. But Mr. Doewra, 
at Red Hill, after he had traversed the sands and loams of the 
subcretaceous series to a depth of 438 feet, passed into a bed 
composed of red clays und particles of red sandstone, which were 
identical with the Warnham beds, and with some members of the 
‘Wealden series, It seems therefore to me to be very probable 
that the Kentish Town beds may be members of the Wealden 
series, but the solution of this question has eimply a geological 
interest, for alike, the Weald clays and the new red sandstone 
clays, are without water; and, under these circumstances, the 
wisest course to be adopted was to stop the further progress of 
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the works in all such cases as Warnham and Red Hill, unless 
they were carried on distinctly as philosophical experimenta. 

he well at Rugby, though it fas proved to be, no doubt, a 
source of annoyance and disappointment, may eventually turn 
out to be of importance to the commercial interests of the locality, 
It was commenced with the hope of finding in the new red an 
stone series under the lias, some water-bearing strata which might 
be able to furnish a supply to compensate for the deficiency under 
which the town of Rugby was suffering, after it had been put to 
the expense of carrying out the absurd crotchet of the so-called 
“gathering grounds” system. A boring has here been carried 
down to a great depth in the new red sandstones of the triassic 
group, which, at Liverpool and Birkenhead for instance, frequently 
supply large quantities of water. At Rugby, however, the boring 
at present has only yielded a brackish water, and I suspect that 
now all hopes of securing the result desired by the Local Board 
of Health by this well must he abandoned, unless the Board 
determine upon tubing the bore-hole throughout its length, and 
upon continuing to sink to a much greater depth. It is possible 
that, within a moderate distance from the bottom of the present 
well, stronger brine springs than those now brought to the surface 
may be found, which it would be possible to evaporate economi- 
cally for the purpose of salt making; buta very careful comparison 
between the strata of this locality, and of those near Derby or 
Droitwich, would be required before any decided opinions could 
be formed as to the probability of finding soft water within a 
reasonable distance from the surface at Rugby. 

The well at Great Yarmouth, executed by Sir E. Lacon and Co, 
is of interest, on account of its showing the great depth attained 
by the tertiary strata on the east of England; but, unfortunately 
for the spirited proprietors, the results, so far as water supply is 
concerned, have been “negative.” The depth of the tertiaries 
here was found to be 527 feet, and the first 170 feet of this thick- 
ness were composed of recent estuarine and blown sand, deposits 
of very recent formation. At Norwich, Messrs., Colman are 
steadily pursuing an experimental boring, which has already 
passed through the chalk to a depth of 1158 feet, the upper green 
sand to a depth of 8 feet, and the gault to a depth of 30 feet; the 
works have been suspended in this formation on account of some 
accident to the machinery, but when this shall have been repaired 
they will, no doubt, be resumed. It may be necessary to descend 
150 feet lower before reaching the water-bearing stratum, but the 
comparative success of Mr. Lankester Webb’s well, at Stow- 
market, affords good reason to hope that Messrs. Colman’s per- 
severance will ultimately be rewarded. I do not anticipate, how- 
ever, that the water will overflow the surface, because the lower 

reen sand is traversed by one of the affluents of the Ouse, near 
Dowiham Market, at a comparatively low level. 

Tn a paper which I had the honour of reading in this room last 
year, I alluded to the very successful borings made by the Kent 
‘Water Works Company, in the Ravensbourne Valley, and this 
evening I am enabled to lay before you a section showing the 
strata they traversed. One reason for my doing so is, because I 
have heard that some parties propose, as I said in the opening 
paragraph of this paper, to sink artesian wells near London for 
the supply of the metropolis; and I think it desirable to state 
for their guidance, that unless they meet with the peculiar con- 
ditions of the faults of the Ravensbourne Valley, they are not 
likely to obtain a large supply of water from the chalk on tbe 
north side of the Thames, whilst there is no chance whatever of 
their finding water below the chalk. There are, no doubt, copious 
and beautiful springs given off from the head valley of the Lea 
and the Coln, both of which rise in; and are fed by, the chalk; 
but those springs may, in almost all cases, be shown to be con- 
nected with some geological disturbance of the strata: and the 
only locality near London where there seems to me to be any 
chance of obtaining a large quantity of water from the chalk, 
would be on the left bank (or the west) of the river Lea, some- 
what to the north-east of Stratford, because there is about that 
district a line of disturbance in the chalk parallel to the great 
fault which brings to the surface the springs lately tapped near 
New Cross, and those of Grays in Essex. 

Finally, it must be evident to anyone who reads attentively the 
records of the success and of the failure of the attempts above- 
mentioned, that the execution of artesian wells is an operation 
which should only be entrusted to skilful and well-tried men, 
acquainted with the theory and practice of their art. No such 
work should be commenced without a careful preliminary survey 
of the geological and hydrographical conditions of the country 
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xtending over a very wide range. This is seldom done, because 
public bodies, in England at least, do not seem to object to pay 
for engineers’ blunders and miscalculations, but they do object to 
pay for their study; and it is at once assumed that because artesian 
wells have succeeded in one case they must succeed in all. But 
even when the greatest amount of skill and science have been 
brought to bear on the preliminary investigations for the estab- 
lishment of an artesian well, it is impossible to predict with any 
certainty what the result of sinking a shaft or a boring may be 
ina stratum hitherto untried. Moreover, every artesian source 
of supply is limited in amount, and even in the case of the Paris 
basin it would be desirable to watch the effects of the increased 
draught upon the lower green sand during a dry summer, espe- 
cially before commencing, as has been proposed, the execution of 
alarge number of wells Ie those of Passy and of Grenelle. 

The student who may desire to obtain a complete view of the 
subject thus briefly referred to, would do well to consult the 
works of Messrs. Prestwich, Mylne, Clutterbuck, Homersham, 
Degouesée, Burat, Hericart de Thury, Garnier, &c., the Transac- 
tions of the Institution of Civil Engineers, the Comptes Rendus 
of the Académie des Sciences, and of Les Ingénieurs Civils 
of France. I am myself under great obligations to Messrs. 
Hawksley, Lockwood, Wells, Chamberlain, — Prestwich, 
Morris, Snider, and others, for the sections and information so 
liberally supplied to me. 

I may here add that in the number of La Presse Scientifique, 
for the 16th January of this year, I find a notice of a well lately 
sunk at Columbus, Ohio, U.S, which is not lesa than 2575 feet 
deep. The thermometer (on the syatem invented by Mr. Walferdin) 
registered a temperature of 88°; this would seem to show that 
the law of the increase of temperature is rather slower in Ohio 
than it is near Paris. No particulars are, however, given of this 
important boring. 


— e 


THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PARIS OPERA HOUSE.* 
Second Division.—The Stage. 

39. It is not necessary for the stage (la scène) to be deep—it is 
by the illusions of perspective that distant horizous are produced. 
A depth of 30 metres (98 feet) between the proscenium and the 
back of the stage suffices for all scenic requirements. A greater 
depth would present more disadvantages than advantages. The 
stage ought not, however, to be too wide. Theopening of the 
scene would be satisfactorily fixed at 15 metres (49 feet), as at La 
Scala. At the (present) opera house it is 13:20 metres (42 ft. 6 in.) 

40. 'The space occupied by the wings (coulisses) on either side of 
the stage ought to be extended as far as possible ; first, with the 
view of being able, where necessary, to open oblique vistas, and 
second, in order to prolong the curtains and front framing sufli- 
ciently to intercept the visual lines from the nearest side boxes, 
without the help of those oblique screens (brisures) which gene- 
rally have to be added to most dat scenes, in order to screen the 
openings (découvertes),—unsightly additions, which encumber the 
entrances, to the detriment of the mise en scène, and interrupt the 
perspectives of the front scenes. To get rid of this disadvantage 
entirely, it would be requisite to widen the stage disproportion- 
ately, but the wider the wings are made the more will it be 
diminished. 

41. The present width of the wings between the side boun- 
daries of the stage and the margins of the opening of the 
scene is equal to one-half that opening: at least two-thirds are 

‘quisite, which, for an opening of 15 metres, would give a total 
width of 35 metres. 

42. There are also required on each side of the stage, between 
the scene, properly so called, and the scenery stores (cases à décors) 
which will be described further on, galleries three or four metres 
wide, in which the chorus can be grouped, and the evolutions of 
large bodies of persons can be prepared for, things which are now 
extremely difficult, if not impracticable, for lack of room. 

43. These galleries will be connected at their further end with 
Another gallery of the same width running behind the back wall 
ef the stage, and into which the doors for entrance on to the 
stage will open. „These doors must be very wide opeuings in the 
masonry, but may, however, be reduced by moveable panels to 
Such a size as is necessary for ordinary requirements. 


* Continued from page 67. 
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Scenery Department. 

44. A gay and good-humoured critic lately said of the ma- 
chines at the opera, that “they have in two centuries lost nothing 
of their charm and their force.’ This is quite true—the ma- 
chinery at the opera still remains what it was at the time of the 
Marquis of Sourdéac. Since 1672 it has, indeed, lost little or 
nothing, but it has not made the slightest advance. As matters 
now are, it is necessary to seek out in the scene room, move, set, 
and fix by manual labour the whole of the scenery required for 
each performance, and their repeated handling damages the 
scenes so rapidly, that they are almost always tarnished before 
the first performance, and sometimes are worn out before the 
piece for which they were prepared has run through its success. 
At each act difficult and dangerous manceuvres have to be afresh 
commenced, with the object of fixing the framed scenes (chdasis) 
which during the day have been laboriously accumulated, in what 
is termed the “groups” (les tas.) The whole thing is one perpetual 
demolition and reconstruction, and in spite of the exertions of 
a hundred soene-shifters it is no uncommon thing for half an 
hour, sometimes even more, to pasa between the acts, to the great 
detriment of the works performed, the success of which is en- 
dangered by the impatience which these delays arouse in the 
audience. 

46. It will be understood thatsuch a system renders it impossi- 
ble, if some unforseen accident interferes with the arrangements of 
the manager, to change on the day of representation the play 
apnounced and prepared the previous day; and often there is no 
resource than to close the theatre, and have no performance. 

46. With the present machinery of the opera many scenic 
effects have to be given up, because the shifting the scenes would 
require whole hours of work. 

47. At the same time, nothing would be more easy than to per- 
form within a few minutes the most complicated changes of 
scenery by the aid of a few mechanical contrivances of a nature 
more simple than those daily in use in the smallest workshops. 

48. The whole problem consists in causing the framed side 
scenes, which, together with the scene at the back, constitute 
a complete scene, to advance or recede by a to-and-fro 
motion of the simplest nature. These framed scenes—and we 
include under the term set scenes ( fermes) which are only framed 
scenes which fill the entire width of the stage—ere very difficult 
to move under the present system, but more on account of their 
flexibility than their weight; they could on the other hand be moved 
with the test ease if, instead of being moved by main force and 
from the bottom, they were suspended and slid along a system of 
rails suitably fixed above, and continued on right into the scene 
stores, which would be formed at the sides of thestage. Thusad- 
justed, the most simple motive power—euch forexampleasa wind- 
Jas eoad suffice to set them in motion, and cause them to advance 
or recede at pleasure upon a signal from the stage manager, means 
being also adopted, in cases when they have reached their posi- 
tion, but are not to be seen full in front, for causing them to per- 
form a very simple rotary motion round the centre from which. 
they would be suspended, which motion might be done by hand 
labour, for we have no intention of depriving ourselves of a 
recourse to intelligent manual labour, but only of limiting it to 
the detail of the working. 

49. We require that these scenery stores should be each one of 
& width equal to half that of the scene. If this be the case, it 
would be possible to dispense with many stories in the basement; 
for the largest scenes, the set scenes, could be moved sideways in 
place of being extracted from abysses into which they have been 
with much difficulty introduced during the day, only to draw 
them out at night by the not unfrequently dangerous action of 
the ill-restrained power of balance-weighta. 

50. If, however, the lack of room preveuted such a width being 
given to them, the management of the scenery would be something 
more complicated and a little slower, but would not be much more 
difficult. It would be only necessary to divide those framed or 
Bet scenes which when extended would exceed the width of the 
store, into several folds. But this would require to be avoided as 
much as possible, for nothing wears out scenery more than the 
creases which such divisions render necessary. 

51. For the same reason it is requisite that the height between 
the top of the proscenium and the roof should be sufficient to 
permit drop scenes to be drawn up entire and without folds, as is 
the case in the Dresden theatre. 

52. These scenery stores would be further equipped with move- 
able fronts, closely shut during the performance, aud only open in 
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the interludes for a few moments to allow the passage of such 
scenes as the scene shifters would have to prepare during the 
progress of the piece. Such a thing is at the present day im- 

ossible, for the whole is put together piecemeal on the stage, with 
oud blows of the mallet, and noisy struggles. 

53. Nor would reforms be limited to scenery strictly so called; 
they would include those monstrous piles of timber by the aid of 
which staircases and mountains are made, and in fact everything 
designated so inappropriately as "practicable" For the most 
pn the mountains of the opera, like those of the earth, might 

e formed by a mere elevation of the ground, if the boarding of 
the stage was formed of moveable portions lifted by standards 
with cogs (epoutilles a crémaillère). 

. 94. The system of suspended scenes would be also of assistance 
in another respect; by superseding the use of all the channels 
which under the present system furrow the stage, it would allow 
the substitution of a level and tongued floor, for the openwork 
which now constitutes the floor of the stage. And as one im- 
provement leads to another, this step would destroy the source of 

_ the most injurious of the cold draughts to which the performers 
are exposed. 

55. By these means the most complicated alterations of scenery 
would be brought down to the limits of the simplest shifting of 
scenes; as long as the piece stood upon the list, its scenery once 
prepared would be all ready to be brought forward at the signal 
of the head machinist, who would not require more than two 
hours’ notice, coe Quy there would be an „end to hlank 
nights, so hostile to the treasury: the scenes might be preserved 
for an unlimited time; the pauses between the acts could be of 
just the length thought best; anda saving of labour and materials 
would accrue, for twenty men would suffice to perform the work 
which now employs one hundred. What advances might it not 
be possible for the scene painter's art to accomplish, if simple and 
ready methods existed of realising within a few minutes, effecta 
such as now cannot be attempted, or which are practicable at the 
present day only by main force and at great expense, and with 
endless delays! 

56. For the reason above given, we consider that the scenery 
should necessarily be stored at the sides of the stage and not else- 
where, and that the following suggestions relative to the width of 
the scene and its lateral appendages ought to be adopted :— 


The opening of the scene taken as the unit 
of measurement... .. ... .. .. l 
The distance between the sides of this open- 
ing and the lateral boundaries of the 
stago, should be for each side 0°66, or 


ft in, 
or, in metres 15= 49 0 


. 


for both .. .. .. .. .. .. 139 ,, » 9202 65 6 
The scenery stores will each one have a 
+39 
width equal to + 32 and together 232 ,, ,, 85=114 6 
Corridors of communication and working 
each (at the least) 0-20, and together 0:40 ,, » 6=19 8 
Total in metres 76=248 8 


We are not increasing by much the space allotted to scenery 


stores. At the present opera it is about five-sixths of the area 
of the stage, and is notoriously insufficient. 
Stage ar 24:00 x 25:00 = 600 metres. 
Scenery .... eg =519 ,, 


What we require is an area equal to that of the stage. 


Various departments connected with the Scenery, Accessories, and 
Properties. 

57. Like the scenery, the acceasories and properties ought to be 
readily and easily transported on to the stage. This requires an 
adjoining depót, but it is not essential that this depót should be 
the general store of accessories; all that is requisite is for it to be 
sufficient to contain thoge belonging to ten or twelve pieces out 
of the list, The store appropriated to this department in the 
opera house covers an area of 170 square metres, and is sufficient] 
large. This area, like that of the stores and ware-rooms whic 
will be mentioned below, is given with relation to an average 
height of story; but in many cases surface may be set inst 
height, and vice versd. These directions, moreover, are notin any 
sense invariable, they are merely average data, which may be 
altered to suit the arrangements of ilie. plan, With this depót 
should be connected)—(1) A small work-shop for the maintenance 
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of properties, inclusive of minor carpentering works turning, 
smith’s and tinman’s work, painting, gilding, papering, needle- 
work, &c, all however done by the property-man and his 
assistant, and by one seamstress, three persons in all. (2) A 
dressing room, and the wardrobe of those attendants who will 
have to appear on the stage, about eight men. The general store 
of proporties may be placed in the roof, provi that it be 
reachable by a convenient staircase. An area of from 200 to 300 
metres is required for the minor properties, and another of equal 
or smaller size for the more bulky ones. Properties now occupy 
at the opera house 


One store and several appendages cover together 192 metres. 
One store above the public saloon about ... ... 200 ,, 
892 


And in addition, all the roof round the cupola, and a large 
number of closets or garrets in various parta of the house and 
stage. This however is not enough: there is confusion, the work 
is badly done, things get worn out, and good order is out of the 
question; many articles moreover have been destroyed which it 
was found impossible to take care of for want of room. 

58. The store of the stage upholsterer ought to be similarly 
arranged, and to include—(1) A store near the stage, 50 to 60 
square metres. (2) À small, well ventilated shop, lighted by day- 
light, and if possible opening into a little court-yard, for two or 
three men and as many workwomen, (15 to 20 metres). (3) A 
reserve, store which may be placed in the roof, but easily accessi- 
ble (about 100 to 150 square metres). 

59. The plumber's store, to contain also the hydraulic machinery 
belonging to the scenery, ought also to be contiguous to the 
stage, and preferably below than above it. It is probable 
that with a well contrived hydraulic system it will in the 
future theatre be possible to secure effects which it is impossible 
to produce at the present day, and the plumber’s stores will be 
augmented. A moderately large store however, which will be 
better long and narrow than square, so as to allow pipes to be . 
stowed there, (say 8 or 10 metres long by 3 metres wide) ought to 
be under any circumstances sufficient for all requirements. 

60. Two compartments, one at each side, for stowage of articles 
belonging to the lighting, bearers, side lights, chandeliers, pipes, 
&c. These stores should have high Pei ed as most of these 
articles will require to be placed vertically; but a large area is 
not required for them, 10 to 12 metres are enough for each, with 
the provision of a large store-room in an upper story or in the 
basement (but in either case secured from damp) for articles kept 
in stock. 

61. The workshop of the fire-work maker, and stowage for his 
tools, and storea (about 20 square metres) "This shop should be 
near the stage, in order to reduce the danger attendant upon the 
trausport of inflammable articles and of fireworks and their 
remains through It should be as much as possible 
sheltered from fire, and so placed that, should an accident occur, 


the effects of the explosion would expend themselves outside the 


building. 

62. The laboratory of the physicien—qy. electrician 1—which 
may be placed in the roof, to facilitate the escape of noxious 
fumes from the acids, but as far as practicable near the stage, to 
shorten the length of the electric wires. This laboratory com- 

rises—(1) a main room of fifteen or twenty square metres for the 

ttery, and the necessary work connected with it; (2) a small 
room for the physicien and for the stowage of his instruments, 
containing about from ten to twelve square metres; (3) a small, 
easily accessible store for acids, metals, charcoal, &c. 

63. The head machinist must have his office near the stage, but 
easily accessible from without. He ought to have near him— 

64. The under machinist; f 

65. The head gastitter (chef de l'éclairage); each of whom will 
have a small office. 

66. Among the adjuncts to the stage, and as far as possible at 
heights corresponding to their respective positions, should be the 
rooms of the foremen machinists aloft (du cintre) of the stage, and 
of the basement (les dessous); a rational division, and one that will 
always be preserved, whatever system be adopted. For the work- 
ing scene-shifters, about sixty in number, a common room will be 
required, with a locker for each man; a separgte room in the 
upper stories for the carpenters of the stage and aloft, and 
another in the lower stories for those belonging to the basement. 

67. The gas-fitters will have a place saiua] to them near the 
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store for their department, which we shall have occasion to men- 
tion further on (see No. 99). 


The Departments of the Stage and the Management.— Manager's 
Court. 

68. In the midst of the buildings intended for the management 
there must be a court, with a covered gallery in front of one of 
the fagades, or, what would be preferable, round three or all 
four of the sides, and formiug a covered way leading to the street. 

69. A single entrance, divided, however, into carriage gates 
and a gate for foot passengers, will give access to this court-yard 
from the street. It ought not to be possible for any person to 
enter or leave this court without passing under the eye of the 
door-keeper, whose lodge will adjoin this gate. 

70. Under the corridor of this court there will be three en- 
irances: one for the manager's department and the offices ; one 
admitting to the theatre for the chorus, scene-shifters, and super- 
numeraries; aud one for the principal performers (artistes) in the 
opera and ballet Before the latter there will be a porch to 
facilitate their entering and leaving their carriages in security 
from the weather. Too much precaution cannot be taken to pro- 
tect singers from the injurious effects of the outer air, when, 
weakened bv the labours of a performance, they leave the building 
in the middle of a cold, damp, winters night. 

71. Near the manager's court there must be a shed for carriages, 
to the number of five or six, in waiting for the principal per- 
formers, as they leave. 

72. A lcw hall, or species of external gallery, mast be provided, 
opening directly on to the high road, near the porter's lodge, and > 
communicating with the portions of the building appropriated to 
the stage department, by a door not to be opened till the right mo- 
ment: here, an hour before the commencement, the extra snpernu- 
meraries and any additional workmen of all classes required may 
assemble and wait till they are wanted by their superiors. None 
of these men ought to be able to enter the theatre before he has 
been called by name. This hall should be capable of containing 
one hundred persons, sometimes it receives more, but only under 
exceptional circumstances, which are not of frequent occurrence. 


Stage Manager. 

73. The stage manager's department is the centre round which 
are grouped those other departments which are all more or less 
dependent on the direction of the stage. It should be in easy 
communication with the scene and its adjuncte, with the green 
room, with the wardrobes (magasins des costumes), and within 
reach of the managers office, with which it is frequently in com- 
munication, and whither the various superintendents require to 
posee with despatch when they are called for. It must alao 

ave a ready communication with the exterior. The stage 
managers department comprises—(1) an ante chamber, where 
the call-boys (avertisseurs) wait; (2) the igi managers room ; 
(3) the offce of the superintendent of the chorus (two persons); 
(1) the office of the superintendent of the ballet (two persons) ; 
(5) a station for the inspectors of the stage (3 persons). 


Performers’ Dressing-rooms (Loges des Artistes). 

74. The division of the dependencies of the stage into two 
sections, appropriated to the two kinds of performers, singers 
and dancers, which the nature of the case seems to point ont, 
cannot be as rigidly carried out as might be thought. Many 
important departments are connected alike with both sections; 
farther, the opera and the ballet are not conducted under the same 
circumstances; the individuals belonging to each section bave not 
the same requirements, and are differently grouped (organise); con- 

uently the idea, natural enough upon the first blush, of appro- 
priating one of the sides of the scene to each division, is difficult 
to put in practice, and corresponds ill with working requirements. 
The dressing-rooms of the vocal performers ought to be as near 
the stage as possible, and at least those of the principal performers 
ought to beon the same level. There is, on the other hand, no dis- 
advantage in placing the ballet department further from the stage, 
and on a different level. So that, instead of'a division into two 
departments on plan, a division into different stories appears to 
be the preferable one. But it is suitable, and corresponds with 
working requirements, that one side should be appropriated to 
men, and the other to women, on each story. 

75. Each principal performer’s dressing-room (loge d'artiste) 
ought to include—(1) a lobby, to cut it off from the common 
corridor; (2) the dressing-room itself, of ten or twelve square 
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metres, rather more for the principals (premiers sujets), especially 
the principal dancers, who practice in their rooms; (3) a closet 
for dresses. The principal dressing-rooms should be large enough 
to allow a performer to see herself all over in a mirror fixed 
against one of the walls, so as to be able to judge of the effect of 
her dresses and her attitudes. It would be desirable for the 
dressing-rooms of the principals each one to have a separate 
closet (w. c.) The means should be provided of readily warming 
each room to tke very variable temperature which each artist pre- 
fers, either by a fire-place, or whichever heating apparatus (gas, 
hot water, steam, &c.) is admitted to be the best. 

76. The following, taken in counection with what has just been 
said, are the requirements of the various departments belonging 
to the stage. 


Section I.—Opera. 


PRINCIPAL MALE PERFORMERS. 

(1) Principals (premieres sujets), twelve dressing rooms. 

(2) Substitutes and seconds (remplacants et ), twelve ditto. 

(3) A store for dresses (ubout twenty-five to thirty square 
metres) in the midst of these rooms, and communicating easily 
with the central wardrobe. 

(4) A station for dressers (four or five men) should adjoin this 
store. 

(5) Accommodation for the hairdresser, with a closet for his 
wigs. 

i PRINCIPAL FEMALE PERFORMERS. 

(6) The same arrangement as for the men. 


LEADERS, 
(7) The room of the principal singing masters (chef de chant.) 
(8) One for the second singing-master and the rehearser 
(répétiteur) Each of these rooms will be of the size of a small 
dressing-room. An upright piano, a small bureau, and a few 
chairs, form the sole furniture. 


CHORUS. 
(9) The room of the chorus-master. 
(9a) One for the second chorus-master and the rehearser, the 
same dimensions as those of the other singing-masters, 


MALE CHORUS SINGERS 

(10) One large dressing room, or two or three, for the accommo- 
dation of 60 regular (titulaires) chorists. Each chorist ought to 
have for dressing and hanging up his dresses a dressing box or 
stall of about one metre in depth by a nearly equal width. The 
best arrangement for working would consist of two large rooms 
adjoining one another, communicating by a wide openiug, each 
having a separate entrance, and being divided by low wooden 

rtitions into dressing boxes of the required size. The passages 
between these boxes ought to be wide and roomy, aud the clear 
space should be sufficient to allow the chorists to feel comfort- 
ably at ease between the acts. This requires for 60 chorists an 
area of about 200 metres. In the opera house, where the 
singers’ dressing boxes are much too narrow, 2°70 metres is allowed 
for each occupant. 

(11) Two dressing rooms for principal chorus singers (chory- 
phées), each for two or three persons. 

12) A room for ten choir boys. 

(13) A store for dresses, as near as possible to the large chorists' 
rooin, and communicating easily with the central wardrobe (of 
30 or 40 square metres according to its height). — . 

(14) Alarge dressing room, or room for 30 additional singers, 
accommodation required on special occasions and conditionally, aud 
consequently admitting a position more removed from the 
stage, and more limited arrangements than that for the ordinary 
working. 

FEMALE CHORUS SINGERS, 
15) One, two, or three dressing rooms for 50 chorists. 

ie Two rooms for leading chorus singers (choryphées), each for 
two or three ladies. 

(17) A store for dresses (30 to 40 square metres) adjoining the 
large dressing room, or very near to it, and communicating easily 
with the central wardrobe. The rooms of the female chorus 
singers should be arranged like those for the men, and similarly 
divided by wooden partitions into stalls or separate compartments, 
only it will be convenient that for the women these compartments 
should be wider than those of the men, say 1:20 metres in place of 
T metre. 


(To be continued.) 
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LECTURES ON ARCHITECTURE AT THE ROYAL 
ACADEMY. 
By SrpuzY SMIRKE, RA. 


Lecrure IL* 

I aust not pursue the subject of chimneys further than just 
again to remind you of the æsthetic advantages afforded by the 
old mode of treating the chimney hearth. The contemptible 
little pinched-up compositions of thin, flat, marble slabs, which 
now usually decorate this social centre of domestic hospitality, 
contrast most painfully with the large and generous treatment of 
the fireplace, and with the sculpture and painting which were 
lavished during the period to which I amadverting on this place 
of honour in the halls of former days. 

Although time has left us but few illustrative examples of 
these fireplaces in England, we have but to visit Nuremberg, or 
any of the older cities of the Netherlands, to find noble examples 
still surviving the wreck of time. Even the great hall in the 
Hotel de Ville, in Paris, probably familiar to you all, which is of 
the time probably of Francis I., affords a remarkable example, 
sufficient to dwarf down into insignificance every similar object 
I have met with in England, although I am aware there are 
examples of the time of Heury VIIL, of Elizabeth, and of Charles 
L, of no menn character. 

At the magnificent Chateaux of Blois and Gaillon, the most 
remarkable features are their gardens. They are, of course, laid 
out in the formal artificial manner usual iu the gardens of the 
early period to which these examples belong. In the centre of 
both these gardens is a fountain of much elegance of design, 
although the jets of water issue from sources not altogether un- 
objectionable. The practice of throwing the water from the mouths 
of human masks cannot be defended, although it is a very com- 
mon expedient. It was suggested probably by the gargoyles of 
Mediæval times, when monsters, often of the most preposterous 
design, were made to emit water, both in fountains and at the 
eaves of roofs; but these, also, may claim a far more ancient 
origin. We know how commonlv the rainwater which fell on the 
roofs of Greek temples was made to issue from the mouths of 
lions carved on the cyma of the cornice: they were, in fact, the 
true gargoyles of the Greeks, The practice may perhaps be 
partly due to sesthetic causes; for there are few subjects more cap- 
tivating to the sculptor than the lion’s head, so admirably weal 
turesque in the breadth and even in the grandeur of its details. 
But still another and remoter origin may be assigned to the 
practice. The overflowing of the Nile, which, as you know, 
annually reauimates that arid country, and gives occasion to so 
much periodical rejoicing, occurs when the sun is in Leo,—a coin- 
cidence quite sufficient to lead the Egyptians to adopt the lion's 
mouth as the source from whence their liquid treasures were made 
to issue. At the fountains of tbe Chateau d'Anet jets of water 
are seen issuing frem Diana’s bow, and from the horns of her 
accompanying stag. Iam, indeed, bound to admit that the rude 
artists of this not higlily-polished nor very fastidious age caused 
jets to flow from stil more exceptional, although perhaps more 
natural sources. 

These devices are common enough at the period of which we 
are speaking, and can only be excused on the gronud of the ex- 
treme difficulty (which all must have felt who have tried their 
hands at designing fountains) of devising any perfectly unobjec- 
tionable and yet ornamental mode of emitting the water. But 
perhaps tbe most notable feature in these early French gardens 
is the arcade, or covered way, which incloses the whole area. As 
a gallery offering a sheltered walk at all seasons of the year, whe- 
ther too hot or too wet for out-of-door exercise, these covered 
walks must always have been a welcomerefuge. The luxury was 
probably borrowed from the Italians, with whom these arcades 
or colonnades had already become a favourate adjunct to the 
villa. They also, in their turn, may claim a classic origin. Those 
who have read Pliny's description of his Villa Laurentina will 
remember how he dwells on the crypto-porticus as one of the 
luxuries of his favourite retreat—a luxury which, though pre- 
served in the cloisters of the Middle Ages, seems to have been, 
without good reason, overlooked and neglected in modern 
gardening. In these French gardens I also perceive indications 
of the pergola, or trellissed walk, which forms so elegant as well 
as = commodious a part of almost every well-appointed Italian 
garden. 


*Concluded from pege 83. 
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I will not further detain you by dwelling on the other beautiful 
chateaux represented in these volumes, although they present to 
us most attractive objecta, such as Chateau Chensacea one of 
the most theatrically-picturesque buildings that can be imagined, 
—Chateau Chantilli, perfectly Mediæval in ite general design, 
although in its details savouring strongly of the more modern 
style fiat Catherine de Medicis encouraged, and had, in fact, 
introduced into France, —Chateau d'Anet, ost Gothic, but equally 
varied, original, and picturesque. 

Such are thé contents of these curious and valuable volumes, 
A careful and critical examination of them will satisfy any impar- 
tial mind, that they take a very narrow view of the subject who 
fancy that all architecture necessarily divides itself into the Classic 
and the Gothic schools. and that therefore, if we reject the one, 
we must necessarily adopt the other. Such, happily, is by no 
means the case. I have on a former occasion endeavoured to 
show that such was not the case when the quatro centiste of Italy 
put away Medievalism in art, with the neque and gauntlet 
which they had outgrown. They were too good artists and too 
sensible men not to perceive that modern civilisation required 
something more than a return to columns and pediments, and 
they accordingly struck out a style of design perfectly original, 
and in many respects more beautiful than anything that had 
preceded it. In the same way we find that when, a little later, 
the artistic and inventive genius of France was directed to the 
production of designs in the Renaissant style, it never occurred 
to their fertile minds that it was incumbent on them to plunge 
into a purblind system of copying the works of former times. On 
the contrary, we see in these buildings of the time of Catherine 
that a style of great beauty and force was possible, which yet was 
equally remote both from Greek and Gothic. True art is ever 
young and productive; it needa only adequate incentives and en- 
couragement to warm it into life. A well-stored portfolio of pho- 
tographs would turn any man, however uneducated in art, into 
an architect, if the careful repetition of old forms be all that is 
required of him. 

As I have devoted this evening to looking into a few books, I 
must be excused if, in closing one volume and opening another, I 
find myself following a somewhat desultory course. It does not, 
however, appear to me to be necessary to observe any especial 
historical sequence. The book which next comes to hand is a 
splendid volume, of earlier date than that to which we last 
adverted, and is not without a certain amount of romance in its 
history, for it consists of verses composed by the Duke of Orleans 
after his capture at the battle of Agincourt, and with which 
composition he beguiled the tedium of his imprisonment in 
En Nand, The illustrations are beautifully executed miniatures, 
and of great interest as explanatory of the buildings, habits, and 
costume of the period. One of these illustrations is of special 
interest, as it presents a view of London in the fifteenth century. 
It is taken on the banks of the Thames, and representa the 
Tower in the foreground, and the bridge in the middle distance. 
The very rapid shoot of the current at the bridge is plain! 
indicated. Ata short distance from the Tower is seen the cree 
of “Bellyne’s gate," on the banks of which creek and below 
bridge is & considerable building, probably the Custom-house. 
The architecture of this building is portrayed with great minute- 
ness, and is manifestly drawn from the actual objects, not conven- 
tionally, but with considerable effort at correctness of representa- 
tion. Itis worthy of observation that the lowest story consists of an 
arcade of perfectly Renaissance character, the arches being cir- 
cular or nearly so, springing from ordinary columns, apparently 
very much like Roman Doric. The superstructure, however, is 
of quite Mediæval character, presenting a series of steep gables of 
dissimilar designs, and with the windows apparently mullioned. 
The perfectly Italian aspect of the lower part of the building 
seems to me to be conclusive evidence of the existence of the 
style of the Renaissauce in England very much earlier than is 
usually supposed. The Porta Honori at Cambridge is generally 

inted to as one of the earliest, if not the earliest, example in 

nglaud of the quasi-Claasic style. This gateway, however, 
must be nearly 150 years later than the building near Old 
London-bridge, so carefully delineated in this illumination 

Now that I am touching on the subject of illustrated manu- 
scripts, I need not omit allusion to the remarkable book known 
as the ‘Codex Aureus.” It forms partof the Royal Library 
collected by George IIL, and is certainly one of the gems of that 
collection. It has many claims on our attention, inaamuch as it 
appears to be beyond a doubt that it was executed for Charle- 
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magne. It is enriched with magnificent illustrations, which ma 
be fairly presumed to be specimens of the highest art whic 
Europe in the beginning of the ninth century was capable of pro- 
ducing, and is moreover, considering its great age, in excellent 
perum The prevailing character of the architectural 
eatures is manifestly what it is usual to designate as Romanesque. 
Esch page represents one arch divided into three subordinate 
compartments by slender pillars carrying three arches. This 
arrangement of arches seems to have taken its rise somewhere 
about the period in the history of architecture with which this 
volume is contemporaneous; perhaps, indeed, even earlier. 

The practice of building small arches in a continuous series, 
springing from the capitals of small pillars, bears a far earlier 
date. € find them in abundance at the Palace of Diocletian. 
Such small arcades occur, too, at the building near Ravenna 
called Theodoric’s Palace, and a continuous range of them origi- 
mia encircled the multangular tomb of that monarch. These 
small arcades, arranged iu successive superimposed orders, came 
to be used to excess, as you, no doubt, well know, and covered 
the towers and gables of the Lombardic and subsequent ages. 
I may add that in paintings and mosaics of so early a date as the 
fourth century, represented in Seroux d'Agincourt's great work, 
these arcades abonnd. 

But in the illnstrations of a manuscript preserved in the 
Laurentian Library, at Florence, to which the date of the fourth 
century is assigued, a more distinct foreshadowing occurs of the 
Gothic mullioned window. Tt represents a large semicircular 
arch, comprising within its span four minor arches, thus dividing 
it into four narrow openin It is true the head of the large 
comprising arch is blanked: there is shown on it a circle, pro- 
bably decorative only, and not perforated; but the transition from 
this to an ordinary four-light Gothic window is ensy and natural. 
In the ‘Codex Aureus, to which I have been referring, we 
have very plainly this germ of the Gothic window, and we have 
iteven more diatinctly developed in MSS. of the ninth century, 
of which representations are given by D'Agincourt. But not 
only were these small arcades the putative parents of mullioned 
windows; to them also, it can hardly be doubted, we owe the 
triforium of our ecclesiastical architecture. I cannotrefrain from 
here reminding you of the analagous use of these subordinate 
arcades in the Westminster Hall, as built by our William Rufus. 
In the twenty-sixth volume of the ‘ Archeologia? you will find 
the representation of that triforium story forming an open arcaded 
passage way, obtained in the thickness of the wall. is curious 
feature in the domestic architecture of the twelfth century I had 
the pleasure of being the first to explore and delineate, when the 
interior of the walls of Westminster Hall was opened out and 
exposed to view, under my brother, Sir Robert's directions, with a 
view to the reface of the masonry of those walls in 1837. 

I have, perhaps, detained you too long in thus tracing the 

igree of these mural arcades, but they are of some importance 
in the history of architecture. It may be difficult to point to any 
feature more strongly characteristic of Mediæval architecture, 
or more definitely distinguishing it from strictly Classic art. 

In the singular works of early Christian architecture to which 
I have been adverting it is impossible not at once to recognise a 
strong savour of Byzantine art. There is, for example, in the 
Codex Aureus an almost infinite variety of frets and friezes in- 
troduced of a quasi-Classic character, all most carefully and 
elaborately executed, and with a manual dexterity and preicsion 
which seem to imply great practice in such works. The Greek 
labyrinth fret occurs in utmost variety, and those interlacin 
patterns, that stamp a peculiar character on the art of ornamenta 
design in this Byzantine style, occur in these illuminations in ut- 
most profusion. Whether accompanying Runic inscriptions in 
Ireland, in Norway, or elsewhere, or whether seen carved in stone 
in the earliest Christian buildings of Lombardy, or worked 
in mosaic on the walls of Greek churches, or depicted upon 
vellum in these beautifnl manuscripts now under our consi- 
deration, there is a similarity of design and a general agreement 
in the manner of treatment which is certainly well worthy of 
observation. What adds especial interest to thia curious kind of 
ornament is that it was not, apparently, devived from or suggested 
by any similar ornament in the preceding Classic school. Could 
it have been traced back to ancient Rome, we should not have beeu 
pres at its occurrence in localities so widely apart, and in 
styles of design so wider differing; but nothing, as far as I know, 
cecure in Roman art from whence these intricate interlacings 
conld have been derived—unless, indeed, we may suppose that 
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the guilloche was the parent of this ornament, which would, in 
that case, take back the idea to Athens itself, and to how much 
remoter a period I know not. Even Assyrian art is not without 
traces of it. Whether so derived, or whether it was the original 
product of a Teutonic or a Byzantine mind, certainly its wide 
prevalence is remarkable. It seems not unlikely that the facilities 
which these interlaced ornaments afforded of producing the 
device of a knot having no ends, would recommend it to the favour 
of the early Christian artists as an emblem of eternity, as well as 
of brotherhood: But whatever its origin, the idea was certainly 
most prolific. Besides being productive of a variety of mere 
ornaments, such as we see on this MS. of the time of Charle- 
magne, it suggested no doubt the monsters devouring their own 
tails, which we see so commonly portrayed in Mediæval sculp- 
ture; and the true lovers’ knots depicted in a thousand familiar 
although unmeaning shapes, on our walls and ceilings, down to 
me time of Elizabeth, and, for aught I know, to the present 
ay. 

That warns me that I must not now introduce to your notice 
any more of the literary and artistic treasures stored up in our 
magnificent national collection. I am well aware of the super- 
ficial nature of these few alight notices: they present to yon but 
the faintest glimpse of the almost endless stores that the liberality 
of the country has been enabled to accumulate under the gui- 
dance and with the assistance of her best scholars. In calling 
your attention to the few books which I named, I am, I fear, sub- 
Jecting myself to the sarcasm of the old Greek author, who tells 
us of a certain “ Scholastic," who, being desirous of recommend- 
ing a honse to the favour of his friends, carried about with him a 
brick or two by way of specimen of the entire mansion. Yet' 
scanty aud very inadequate as the samples may be which I have 
this evening laid before you, I feel sanguine in the belief that my 
few remarks and criticisms will not have been made in vain if 
they have produced in your mind a desire to seek for further 
satisfaction at the fountain-heads; to consult them for yourselves, 
and to liberalise and enlarge your studies by a wider field of in- 
vestigation. 

A careful contemplative study of the causes of the almost 
awfal sublimity of the Coliseum, for example, is calculated per- 
haps to encou and even to generate a greatness of manner, 
and to elevate the artistic tendencies of the mind; and to teach 
us that the grandest effecta, in our art, are far more readily 
attainable by simple general forms than by resorting to that ex- 
cessive elaboration and subdivision of details which (perhaps I 
may be permitted tosay) is one of the least commenduble ten- 
dencies of the present day, and against which it would be well 
that you should be on your guard. 

Then, again, a critical examination of the interesting production 
of the age of the Renaissance in France—an examination so 
greatly facilitated by the two beautiful volumes of Catherine de 

edicis which I have been adverting to, is well calculated to 
fertilise the mind of a young architect, and to show to him how 
the combination of two very different kinds of beauty is capable, 
in the alembic of genius, of being made to produce still another 
beauty—a tertium quid—differing very materially from its two 
components, yet partaking of the merits of both. 

Such an examination would, furthermore, satisfy him that it 
was no mere love of innovation, no mere freak of fashion, that 
led our forefathers to lay aside in their architecture the stern and 
rigid air of Mediævalism. They abandoned mullionsand tracery 
in their windows, and made them wide, and square, and open, 
not in sport and for the sake of a frivolous change, but because 
they were beginning to learn to appreciate more fully the value of 
light and air, and because they began to perceive that there were 
other means of excluding an enemy, and securing their personal 
safety and an inviolate hearth, besides loopholing and crennela- 
ting their dwellings. An inquiry into these great changes in 
their habits of building is a curious and not unprofitable inquiry. 
It is common enough to hear it said that the revival of a taste for 
classical literature led to the study and subseqnent adoption of 
classical architecture. Whereas the two rivals were, in truth, 
strictly contemporaneous; and it is by no means improbable that 
they may be regarded, not as one being consequent on the other, 
but that both were necessary resulta of a common cause—namely, 
the advance of civilisation, involving the acquirement of new 
habits and new wants. 

The other volumes of which I have this evening made men- 
tion have an antiquarian rather than a practical value, and to 
that extent are, no doubt, less suitable subjecta for me to urge on 
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your attention here. Yet those manuscripts are samples of & 
reat store of similar works which our national Museum may be 
justly proud to possess, and which, whilst they are of the highest 
iterary and historical value, must ever be precious also in the 
eyes of artista, inasmuch as the illuminations which adorn their 
pages represent faithfully the condition of the fine arts during 
the Mediæval period, and are, as it were, the golden link that 
nemn the ancient with the modern schools of paiuting and 
esign. 


————« ]»"————— 


INSTITUTION OF CIVIL ENGINEERS. 
Joun HawksHAWw, Esq., President, in the chair. 

Jan. 28.— per read was ‘‘ On the Form and Materials for Iron- 
Plated Ships, and the Points requiring attention in their Construction.” 
By JosgrH d’ A. Sanupa, 

The author stated that, iron-plated ships having now become a neces- 
sity, it waa important to ascertain, first, the best description of construc- 
tion of ship and and armour, and secondly, the best form and dimensions 
of vessel, To effect these objects, there were four indispensable condi- 
tions: first, these vessels must be of such dimensions and power, and be 
built on such lines, that they should always command a superiority in 
speed over the best timber-built frigates afloat; secondly, they must be 
protected with armour over their entire length; thirdly, the armour must 
be so applied as to be capable of rapid replacement or repair; and 
fourthly, the armour should enter into the construction of the ship, and 
thus give strength to the whole fabric, as well as protect it from an 
enemy's fire. These conditions had only been partially attained in the 
vessels already constructed, or proposed to be constructed; for the War- 
rior’ class obtained speed alone, the ** Defence” class failed in all, the 
** Valiant" class only approached the second condition, and the three new 
ships of 6700 tons burthen, recently contracted for, at a oost with their 
engines of £400,000 each, would probably possess the first and second, 
but not the third and fourth conditions. 

Although the ** Warrior” was highly creditable as a first effort and was 
not defective in strength, yet it was a complicated and costly construc- 
tion, and its character should not, tharelore, become stereotyped, as 
incapablo of further improvement, or as if it were not desirable to seek 
or it. 

The author proposed that the framework of the hull should be built 
as in an ordinary first-class steamer of the same size; and that outside 
the frame- work. and rivetted to it, there should be five longitudinal ribs, 
at intervals of 5 feet, reaching 20 feet below the gunwale. These longi- 
tudinal ribs should be of bars of rolled iron, 24 inches in thickness and 16 
inches wide, the outer 4 inches on each side being recessed 1 inch. The 
ordinary skin plates, 1 inch thick, were then to be rivetted in these 
recesses, 80 n8 to form a flat surface for the reception of the armour, 
each strake of which was to be made to correspond with the dis- 
tance from centre to centre of the longitudinal ribs. The edges of 
the armour plates, 5 inches in thickness, were then to be bolted or 
rivetted through the ribs longitudinally, the vertical butt jointe of each 
plate, made to break joint with the skin plates, being rivetted to corre- 
sponding ribs 24 inches in thickness, placed between the longitudinal ribs, 
and attached to them with fish plates. It had been determined by experi- 
ment that this thickness of rib would be sufficient to render the edges 
of the armour plates, when weakened by the rivet holes, equal in stre 
to the central body of the plates. By this arrangement, a perfect ship 
without armour was first made; then a complete armour case was 
attached sate the longitudinal ribs, without interfering with the joints 
or fastenings of the ordinary skin of the vessel. Indeed the skin would 
be so distinct from the armour that, in time of peace, the armour could 
be removed, and the vessel be used as a transport if desired. By these 
means the armour could be rapidly repaired at any point, and there would 
be no necessity for tongueing and grooving the plates, adopted as an ex- 
pedient by the Admiralty to remedy the bending up of the edges, which 
the present imperfect mode of fastening rendered them liable to. 

Thus protection would be obtained over the entire length of the vessel, 
by the armour admitting of rapid replacement, and entering into the 
construction of the ship. It remained only to show what dimensions and 
power were necessary to secure speed. For a 32-gun frigate constructed 
as described the best dimensions wonld be 382 feet long, 55 feet beam, 
and 314 deep to the main deck; 5600 tons burthen, and fitted with 
engines of 1200 H.P., bv which a speed of 15 knots an hour could be 
obtained, with the armament, ammunition, and coal on board, and with 
the port sills 9 feet above the waterline. Such a vessel would have even 
greater speed than the ** Warrior,” and be wholly protected over the entire 
length of the sides. 

As the importance of coniplete protection had now been recognised 
by the Admiralty, it was desirable to compare this armour-skin vessel of 
5600 tons burthen with those now building. The Admiralty vessels 
were to be 6700 tons burthen and 1250 H.P., but they would not be 
able to carry a heavier armament, or possess a higher speed than the pro- 
posed vessel. "They would be lese manageable, form larger objecta to fire 
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at, and coat £400,000 each instead of £840,000, or in a fleet of twenty 
four such frigates, one million and a half pounds aterling more. 

For coast defences vessels might be built protected from stem to stern, 
having a length of 200 feet, beam of 484 feet, depth of 25 feet, burthen of 
2,200 tons, and engines of 350 H.P., pierced for thirty-two 68-pounder 
guns but carrying only sixteen, wlth & draft of water of 16 feet n the 
guns, ammunition, and coal were on board, and capable of attaining # 
speed of 11 knots an hour. 

In conclusion, the author thought that the time bad arrived when the 
Admiralty should see the propriety and the advantage to the public 
Bervioe ob abandoning the asian of restricting all advance in the 
construction of mail-clad vessels to and systems emanating from 
themselves; and that it would be far better to trust to the engineering 
shill of this country, leaving it free to take the initiative in improving this 
branch of National Defence, and the Admiralty only exercising a veto 
within such limits as experience fitted them to forma judgment upon. 


March 4.—The first paper read was *' Description of the Loch Ke 
Viaduct, Portpatrick Railway.” By E. L. J. BLYTR, M. Inst. C.E. 


This viaduct was situated on a curve of half a mile radius, and carried 
a single line of railway over the loch at an oblique angle, so that the 
width of the waterway was increased from 265 feet to 360 feet, the depth 
of the water at the point of crossing being 29 feet in summer. It con- 
sisted of seven openings,—three of 130 feet each in the centre, apanned by 
wrought iron girders of the bow-and-string form; two semicircular 
arches of masonry, of 20 feet apan, in the abutments ; and two openings 
of 20 feet each at the ends, provided with flat cast-iron girders. Owing 
to there being scarcely any current, it was not deemed necessary to set 
the piers in the line of the loch, but they were placed at right angles to 
the viaduct, and each pair of girders was at a alight angle to the adjacent 
ones. 

The foundations consisted of strong gravel, except in the case of the 
east abutment of the main openings, where a running sand wae met with, 
and in this instance the lower courses of the masonry were laid on a bed 
of hydraulic lime concrete 2 feet in thickness. The two deep-water piers 
were each formed of two towers, 8 feet in diameter, placed 8 feet apart, 
and connected above the water level by semicircular arches of masonry. 
For each tower of the piers a cast-iron tube 8 feet in diameter, in six pieces, 
was sunk, the tubes being 36 feet and 42 feet in length for the east and 
west piers respectively. When the masonry was brought up to the surface, 
the upper castings of the tubes were removed. Around the piers 4000 
cubic yards of loose rubble stones were deposited, so as to produce an arti- 
ficially deeper foundation. The tubes, when placed in position, sank from 
1 foot to 2 feet by their own weight, until they reached the gravel and sand, 
where they remained quite firm. This formed a good test of the sufficiency 
of the foundation, as the weight of the tubes on their narrow edges was 
equal to from 8 to 9] tons per square foot, while the total weight on the 
foundations of the finished structure, including the moving load, was only 
about 6} tons per square foot. 

The method adopted in sinking the tubes was that of ordinary well 
sinking. Two plate-iron screw pans, of an inverted cone shape were em- 
ployed; one 2 feet in diameter at the tup and 1 foot deep, and the other, 
which was only used for the harder portions of the excavation, 1 foot in 
diameter at the top and 1 feot deep. There were openings in the sides, 
covered with leather flaps, to prevent the material from escaping when 
the pans were filled, Three arms of round iron projected through the aides 
of the pans, and, being connected toa long rod with a cross handle at the 
upper end, the screw were worked by four men, and when full 
were raised by tackle. Fhe pan raised about 1 cubic foot of mate- 
rial each time, and the smaller one about one-fourth of that quantity. 
By these means the tubes were sunk in some instances as much as 18 
inches in one day, the minimum being 2 inches per day in the case of the 
north tube of the west pier, where large boulder stones were encountered 
rendering necessary the use of a screw pick. When the tubes had been 
lowered the desired depth, concrete was deposited within them, var 
from 12 feet to 18 feet in depth in each tube. On this concrete, as 
masonry waa laid, the cordon couree being of granite in large blocks, for 
receiving the ends of the girders, which rested on wrought-iron plates, 
laid on thick sheets of vulcanised india-rubber to lessen the effect of 
vibration. 

The bow-and-string. girders were each 136 feet 8 inches in length, and 
were segmental in form, the rise being 17 feet 6 inches, so that the seg- 
ment was almost identical with a catenary curve, or the true curve of 
equal pressure. The sections of the upper and the under booms were 
identical. They consisted of a main plate, 24 inches broad and ł of an 
inch thick, and of two channel irons, each 8 inches by 4 inches in section 
and 4 an inch thick, placed at a distance of 8 inches apart, between and 
to which the struts and ties, of the same section of el iron, were 
rivetted. The transverse girders for carrying the roadway were 6 inches 
in depth at the ends where they rested on the channel irons of the under 
booms, and 15 inches deep in the centre. The middle web of these gir- 
ders was } of an inch in thickness, and there were angle irons, 3 inchea 
by 3 inches by 4 an inch in section, at the top and the bottom of the web 
on each side. Every alternate girder projected 2 feet, from which T iron 
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struts were carried up to the crossings of the diagonal bracing. The 
weight of the girders and roadway between the points of support was 88 
tons, and of the ballast (2 inches in depth) 14 tons, making a total dead 
load of 102 tons; and taking the rolling load at 1 ton per lineal foot, the 
total load on one span would be 232 tons. The area of the upper boom 

. was 83 inches, and of the under boom, exclusive of riveta, 27°04 inches. 
The distance between the centres of gravity of the upper and the under 
booms was 17:04 inches. The tensile strain on the under boom 
amounted to 4:04 tons per inch, and the compressive strain on the 
upper boom to 3'35 tons perinch. When the whole of the load was upon 
the girders there waa no compressive strain on any of the diagonals, but 
there were tensile strains varying from 3:4 tons to 7:5 tons, or equal 
respectively to 9 cwt. and 1 ton per square inch of section. 

e author considered that the bow-and-string girder posessed advan- 
tages over the Warren or other lattice girders, with parallel top and 
bottom members; as in the latter class it was not possible to e the 
top and bottom members theoretically correct, without great labour and 
waste of material, and as owing to great variation in the strains on 
the diagonals, it was necessary that they should be of varying dimensions, 
involving in some casea even different sections of iron. 

The girders were built in position on staging, and the greatest amount 
of deflection of any one girder from its own weight was jths of an inch. 
Subsequently, when a locomotive engine, weighing 34 tons, waa placed in 
the centre of each span, and afterwards was run over, first at 10 miles an 
hour, and then at 25 miles, the deflection amounted to from 3 to 
4 of an inch in each girder, there being no perceptible difference in either 
cae. Finally, when four engines were coupled together, so as to give a 
load equal to 1 ton per lineal foot, the deflection only amounted to from 
§ to {ths of an inch. 

It was stated, that the total cost of this viaduct had amounted to about 
£13,000. 


The second paper read was ‘' Description of the Centre Pier of the 
Bridge across the River Tamar at Saltash, on the Cornwall Railway, and 
of the means employed for tts construction.” By R. P. BRERETON, 
M. Inst. C.E. 

This communication embraced, in a narrative form a detailed account 
‘of the preliminaries connected with the Albert Bridge, which crossed 
the river Tamar where it was only 1100 feet wide, with precipitous banks 
and s depth of water to the surface of the mud of 70 feet. A dyke of 

ne trap intersected the clay slate formation at this point, and 
Cropped out to the surface above the water on the western bank of the 
river. It was ascertained by borings made in the bed of the river that 
rock extended from the eastern side to beyond the middle of the stream, 
covered with mud or silt to a depth of from 8 feet to 16 feet. Subse- 
quently, a hte examination of the bed of the river where a centre 
pier would probably be built, by means of 175 borings made within a 
cylinder at thirty-five different places, over an area of 50 feet square, 
enabled an exact model of the surface of the rock to be prepared showing 
the irregularities and fissures that might be expected. — Eventuallv it was 
decided, from the information thus obtained, to erect one pier only in the 
deep water, instead of three, a8 would have been necessary for the spans 
required by the Admiralty; and when it was determined to proceed with 
the construction of the bridge, in 1852, it was decided that there should 
be two spans of 455 feet, two of 93 feet, two of 83 feet 6 inches, two of 
18 feet, two of 72 feet 6 inches, and nine of 69 feet 6 inches ; the total 
1 including the adjoining land openings, being 2200 feet. 
e centre, or deep water pier, intended to carry the weight of one- 
half of each of the two main spans, consisted of a column, or circular 
illar, of solid masonry, 35 feet diameter and 96 feet high, carried up 
hu the rock foundation to above high-water mark. Upon this were 
placed four octagonal columne of cast iron, 10 feet diameter, carried up 
to the level of the roadway, which was 100 feet above high water mark. 
Upon the tops of the columns, cast iron standards were fixed to receive 
the ends of the tubes and chains which constituted the trusses of the 
bridge. The weight at the the bottom of the masonry foundations was 
about 94 tons per square foot, increased, when the bridge was loaded by 
passing trains, to about 10 tons per square foot. 

In the construction of the masonry pier, a wrought iron cylinder, of 
* boiler plates, 37 feet in diameter and 90 feet in length, and open at the 
top and the bottom, was sunk through the mud of the bed of the river to 
the rock. The water was then pumped out, and the mud excavated, 
the masonry being built up inside, and the cylinder above the ground 
afterwards removed. It was expected that, by forming a bank round the 
cylinder after being sunk to the rock, sufficient water-tightness would 
be ensured for getting in the masonry. To provide, however, for the 
contingency of excessive leakage, the cylinder was so constructed as to 
admit of the application of air pressure. As the surface of the rock, 
although very irregular and ragged, had a general dip to the south-west, 
the bottom of the cylinder was formed with a corresponding bevel, one 
side being 6 feet longer than the other. A dome, or lower deck, was 
constructed inside, at the level of the mud, and an internal cylinder, 10 
feet in diameter, open at the top and the bottom, connected the lower 
with the upper deck of the cylinder. The 6 fect cylinder, previously 
used for the borings, was fixed eccentrically inside the other, and an air 
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jacket or gallery, making an inner skin round the bottom edge below the 
dome, waa formed, about 4 feet in width, divided into eleven compart- 
menta, and connected with the bottom of the 6 feet cylinder by an air 
passage below the dome. 

Details were then given of the construction of the larger cylinder, and 
of the mode of launching and floating it to its position. n accu- 
rately adjusted over the intended site, water was gradually let in until 
the cylinder penetrated through the mud about 13 feet, and rested on some 
i ities upon the rock, which caused it to heel over towards the eaat 
about 7 feet 6 inches. Byletting water in upon the dome or lower deck, and 
loading the higher side with iron ballast, the cylinder forced ita way through 
the obatructions at the bottom edge, and took a nearly vertical position. 
The air and water pumps were then set to work, and the greater part of 
the mud and oyster shells, which filled the compartments of the air-jacket 
at the bottom, was cleared out, and the irregular eurface of the rock 
excavated; the bottom of thecylinder being now 82 feet below high-water. 
Subsequently, a leak having broken out through a fissure in the rock on 
the north-east, or higher edge, conaiderable difficulty was experienced in 
maintaining sufficient pressure with the air pumps to keep the water down 
and the bottom The leak was at length reduced, by driving close 
sheet piling into fissure. When at its full depth, the cylinder was 
87 feet 6 inches below high-water at the lowest place, and then a hemp 
gasket was worked under the edge of the cylinder, all round the outside 
to assist its water-tightness. A ring of granite ashlar, 4 feet in width and 
about 7 feet in height, was then built in the air jacket; and & bank of 
clay and sand was deposited round the outside of the cylinder to compresa 
the mud. When the water was pumped out of the body of the cylinder 
below the dome, and the excavation of the mud was dese proceeded 
with, a leak broke out, and the water overpowered the pumps. Addi- 
tional engines and pumps were provided, and eftorts were made to di- 
minish the , with varying success; but as it required four pumps 
to keep the water down to 54 feet. recourse to air pressure in the body of 
the cylinder below the dome became imminent, and preparations for its 
application were made. To provide against the buoyancy, or upward 
pressure against dome and cover, the 37 feet cylinder was loaded with 
750 tons of ballast, in addition to its own weight of 290 tons, The pumps 
were then got into good order, and, by continued pumping, succeeded in 
keeping the water down, The mud was excavated, the cylinder below 
the dome eecurely shored across, and the rock levelled, when the masonry 
in thin courses of granite ashlar in cement, in the body of the cylinder was 
commenced. As soon as the masonry reached the level of the air jacket 
ring, it was thoroughly bonded, the plates of the air-jacket being cut out 
as it proceeded. Upon the top of the bonding course, two courses of 
hard brick-work in cement were laid, making a perfectly water-tight floor 
over the whole diameter of the column. Meanwhile, the masonry of the 
air jacket, where the leak occurred, was taken down, and the leak was 
diminished by additional sheet piling. The leak was discovered to have 
broken out at the same fissure as before, and had torn away the rock un- 
derneath the masonry of the air jacket and bottom edge of the cylinder, 
but the masonry itself was undisturbed. 

The next operation was to draw off the water above the dome and re- 
move the ballast, to allow the masonry to be proceeded with, which it 
eventually did at the rate of from 5 feet to 7 feet in height per week. 
When it was 46 feet in height the influx of water was entirely stopped. 
After the masonry had been completed to the level of the plinth, the 
upper Part of the cylinder was unbolted at the separate joints, and floated 
to ore. 


March 11.—The paper read was “Description of the Delta of the 
Danube, and of the Works recently executed at the Sulina Mouth.” By 
C. A. HARTLEY, Assoc. Ina“, C. E. 

In the autumn of 1856, by virtue of the Treaty of Paris, the European 
Commission of the Danube, consisting of representatives from each of 
the seven contracting powers, was charged to execute the works necessary 
below Isakcha, to clear the mouths of the river as well as the adjacent 
parte of the sea, of the impedimenta which obstructed navigation. This 
Commission, to which the author had acted ns chief engineer, was autho- 
rised to levy rates to cover the expense of such works, on the express 
condition that the flags of all nations should be on a footing of perfect 
equality. 

In the preliminary studies of the three principal branches and mouths 
of the Danube, advantage was taken of the charts made by Captain 
Spratt, R.N., C.B.; and aided by these, and by the author’s own surveys 
and personal investigations, a brief description was given of the chief 
characteristics of the progress of the river through its delta, The Danube, 
after a course of 1700 miles, during which it received more than four 
hundred tributaries, and drained upwards of 300,000 square miles, passed 
in a single channel 1700 feet wide and 50 feet deep, the Bulgarian town 
of Isakcha, situated on the right bank, nt 30 and 40 English miles 
respectively below the large corn-exporting porte of Galatz and Ibraila. 
Isakcha was 78, 78, and 90 miles from the sea, following the courses of 
the Kilia, the Sulina, and the St. George branches, and 58 miles in a 
straight line. The head of the delta was reached, at Ismail Chatal, or 
Fork, 15 miles lower down, and here the fresh waters divided, never to re- 
unite; seventeen twenty-sevenths of their volume passing in an easterly 
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E direction by the Kilia branch, and the remaining ten twenty-sevenths in 
a south-easterly direction by the Toultcha branch. At11 miles below 
Ismail Chatal, this latter branch separated into two channels, the St. 
George and the Sulina, discharging respectively eight twenty-sevenths and 
two twenty-sevenths of the whole volume of the main river. 

A short account was then given of the three channels, from which it 
appeared that the waters of the Kilia were delivered to the sea by twelve 
distinct mouths, only navigable for fishing vessels; that the river portion 
of the St. George offered no real obstacles, having an average width of 
1200 feet, and a minimum depth of navigable channel of 16 feet, at sea- 
sons of extreme low water; and that in the upper reaches of the Sulina, 
disaster of every kind was imminent, from the many intricate windings 
and numerous shoals—the navigable width being rarely more than 300 
feet, and the depth over the shallows during seasons of low water vary- 
ing from 10 to 14 feet. 

e delta proper was described as being bounded on the north by the 
Kilia branch, on the south by the Toultcha and St. George branches, and on 
the east by the Black Sea; the enclosed space comprising an area of 1000 
square miles and forming a triangle of which the Ismail Chatal was the 
western apex, and the sea coast, from the mouths of the St. George to 
those of the Kilia, the base. During extraordinary high floods, the 
delta, being unprovided with artificial banks to contain the swollen waters, 
was almost entirely submerged; whilst at seasons of drought, ita banks 
were elevated from 10 to 12 feet above the level of the river at the Upper 
Chatal, and from 8 to 10 feet at the Chatal of St. George. In the lower 
reaches of the three branches, the level of the river was but little affected 
by variations in the upland waters. Adjacent to the mouths it never 
varied more than 1 foot, except when influenced by the wind. i 
high floods the inclination of the surface water of the Sulina branch was 
3 inches per mile, whilst during extreme low water it did not exceed 1 
inch per mile. At times of ordinary high water, when the curreat had 
attained a velocity of from 24 to 3 miles an hour, the Danube before it 
divided at Ismail Chatal delivered a volume of water equal to nineteen 
and a-half millions cubic feet per minute; while in the dry season, when 
the current was reduced to 1 mile per hour, the flow did not exceed seven 
and a-half millions cubic feet per minute. At times of extraordinary 
floods, such as that which occurred in March 1861, the velocity was 
increased to 5 miles per hour, and the volume of water then delivered 
amounted to 60 millions cubic feet per minute, or eight times the quan- 
tity discharged at ordinary low water. It was stated, as the result of 
careful observations, that when the waters were most surcharged, they 
carried to sea at the rate of 1 cubic inch of sedimentary matter, supposing 
it to be solidified into coherent earth, per cubic foot of water, and that 
not more than one-fortieth of this proportion was transported when 
the floods had subsided. , at the former period, upwards of 600,000 
cubic yards of diluvial detritus passed into the sea by the several mouths 
of the river in twenty-four hours, and at the latter not more than 15,000 
cubic yards. The results of these investigations accounted in a great 
degree, for the changes which took place from time to time, in the posi- 
tion and extent of the sand banks forming the bars across the several 
mouths, At times of high floods, these bara were further from the shore, 
their magnitude was considerably increased, and the depth over them was 
diminished; their distance from the shore, and their height, being much 
influenced by the direction of the prevailing winds. The depth of the 
sea opposite the delta decreased to the north; thus at 3 miles from the 
land the depth was 16 fathoms opposite the St. George's mouth, and only 
10 fathoms opposite the Sulina sal Kilia mouths. 

During the interval from 1830 to 1857, the shallows of the Kilia 
advanced fully one mile in the direction of the Sulina mouth. This, 
combined with uncertain and changeable nature of the many branches 
issuing from the Wilkov basin to the sea, and the distance of the bars 
froin the shore, were the chief considerations which induced the author 
to form an unfavourable opinion of the Kilia—in spite of ite possessing 
the best river channel—and to recommend, in preference, the improve- 
ment either of the St. George or of the Sulina, here the sea depths were 
greater, and the advance of the sand banks was less remarkable. In 

comparing the merits of the two latter branches, the author arrived 

at the conclusion, that in nearly every respect the St. George offered 
decided advantages over the Sulina. T is true, that in order to reach 
the Kedrilles bar of the St. George, double the length of works would be 
necessary; but when once the sand-banks were passed, the greater sea 
depths opposite the St. George would insure for a longer period & con- 
stant good navigable depth at the sea entrance. The St. George's mouth 


was situated at the moat salient angle of the delta, was nearer to the 


Bosphorus, by 18 nautical miles, than the Sulina, and was more 
favourably placed with regard to the safe manwuvring of vessels during 
N.N.E. winda. 

Although there was a great difference of opinion as to the merita of 
each of the three principal branches, or mouths, all the technical 
authorities, who had studied the question on the ground, agreed in recom- 


mending that, whichever mouth was chosen, the system of improvement ` 


should be that of guiding the river water across the bar by means of 
piers projected from the most advanced dry angles of the mouth; so as 
to concentrate the strength of the river current on the bottom of the 
proposed improved channel, by an artificial prolongation of the river 
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banks into deep water. After considerable discussion, the Commission 
resolved to improve the bar channel of the Sulina, by guiding piers of a 
temporary character, in order to give the iest relief to the navigation 
in the cheapest manner; but it was distinctly guaranteed that this should 
not prejudice the choioe of the mouth to be selected for permanent 
treatment. The author then received instructions to provide works 
which, for the expenditure of a sum limited to £80,000, should have the 
effect of giving an increased depth of at least 2 feet over a period of 
from six to eight years. This duration of time was based on the asump- 
tion that during such an interval, either the St. George would be 

or it might be considered expedient to limit the improvement of the 
Danube to rendering permanent the provisional works. 

The designs for the provisional works were then matured; and as it was 
found in practice, that the cost of strong timber criba, to be loaded with 
stone, and sunk at intervals of 20 feet along the line of the works, would 
exceed the original estimate, choice was finally made of a structure cam- 

sed of timber piling and pierre purdue, surmounted by a timber plat- 

orm 14 feet wide, strengthened occasionally by solidly-conatructed cribs 
of thesame width. The works were commenced on the 21st April, 1858, 
a temporary staging fixed on piles, being always rin out from 200 to 
900 feet in advance of the t piling. This i supported 
nine crab engines, by which three rows of three piles, each 13 inches 
square, and 7 feet apart, were frequently driven in one day to a depth of 
16 feet into the hard fine sand of which the bottom was eomposed. The 
piles were immediately secured by double longitudinal walings and double 
cross-ties, the whole being surmounted by two thick trampieces and 

lanking, at 4 feet above the level of the sea. From this permanent plat- 
orm the close piling on the side next to the sea was driven. The daily 
rate of progress during fine weather was 20 lineal feet; and as soon 
&s this length of sheet piles was completed, stones were thrown down to 
protect the footing in the sand, which was liable to be washed away by 
the action of the sea. This scouring action of the sea was so serious, 
when the skirtof the bar was reached, that it threatened at one time to 
demand, for the completion of the works, double the quantity of stone 
originally estimated. Several plans were tried to reduce its pernicious 
effects. That eventually adopted, and which was perfectly successful, 
waa to advanoe the open pile work with all possible expedition, and then 
to pave the proposod seas of the pier with stones delivered from barges. 
This pavement withstood the attacks of the see, and offered no great 
obstruction to the penetrations of the sheet piles, which, without being 
shod, had frequently been driven 10 feet inte the ground, after havi 
been forced through 8 feet of rubble stone. The section of the finished 
stone work was described as being a solid mass of closely packed third- 
class rubble, resting on a broad base, and narrowing upwards at slopes 
varying from 2 to 1, near the pier heads, to 1 to 1 and 14 to 1 near the 
shore, until slightly below the level of the water it became a mere rid, 
against the close piling. The time occupied in the actual construction of 
piers was thirty-one months, exclusive of three winter months each year, 
during which the Danube was frozen over, and all work was suspended, 
but inclusive of two hundred and seven days when it was impossible to 
work on account of stormy weather. The length of the north pier was 
4631 feet, that of the south pier was 3000 feet, and the depth of water in 
which they were built varied from 6 to 20 feet. In their construction 
200,000 tons of stone and 12,500 piles had been employed, and the cost 
had not exceeded ten guineas per lineal foot. The stone waa brought 
from a distance of 60 miles, and its price delivered in place varied from 
four shillings to five shillings per ton; the oak used for the longitudinal 
and transverse timbers and for the planking and fender piles, cost two 
shillings and threepence per cubic foot, while the fir timber piles were 
delivered ready for driving for fourpence per cubic foot. The workmen, 
of whom there were generally three hundred, were composed of men 
belonging to more than ten different nations. Labourers were paid 


two shillings and sixpenoe and carpenters four shillings and sixpence per 


day. 

The changes which had taken place at the Sulina mouth, consequent 
on the projection of the piers, were then noticed. The depth on the bar 
since the year 1829 had varied between the extremes of 7 and 12 feet, 
the least depth occurring during the aubaidence of high-water floods, and 
the greatest when the deposita lodged by those floods been diapersed 
by autumnal and winter gales. In April 1858, when the works were 
commenced, there was a navigable channelonly 9 feet deep over the centre 
of the long shoal forming the Sulina bar. In November 1859, when the 
works had been brought to & close for the winter, the north pier had 
advanced 3000 feet, and the sonth pier 500 feet, and then the depth on 
the bar was 10 feet, which was increased to 14 feet by the following 
April, although the works had remained stationary. Hopes were con- 
sequently entertained that the action of the north pier would, in iteelf, be 
sutiicient to maintain an improvement; but these expectations were dim. 
appointed, as in August, when the north pier had reached a length of 4600 
feet, the depth on the bar had diminished to 9} feet. Every exertion 
was then made to hring the opposite pier into play. Aocordingly, during 
the next three months, the south pier wae advanced 1500 feet, and as it 
was now within 600 feet of the north pier, the effect of concentra- 
ting the whole force of the river current directly on the bar became at 
once apparent. Thus on the 30th of November, 1860, there waa a 
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navigable channel of 12 feet, and on the 28th February, 1861, of 16 feet. 
Then came the breaking up of the ice in the river, and the furious descent 
of the e i high floods, which caused so much damage at Galatz, 
and submerged the whole delta; but this time instead of the depth on 
the bar being diminished, the swollen waters confined between the two 
jers and directed in a proper line, fairly swopt away the remains of the 
on to the south bank and into deep water, From that time to the 
present, tbe depth had never been less than 164 feet, and frequently it 
was as much as 17} feet, over a navigable width of 500 feet. This result 
had been accomplished by works the cost of which had not exceeded the 
sam that had been paid in one year only for lightening vessels over the bar; 
and without taking into account the excellent shelter which had been 
afforded, and the great risks which vessels formerly ran of being wrecked 
off the entrance. 

In conelusion, the author expressed his titude to the members of 
the European Commission of the Danube, for the generous support he 
had always received; and especially to Major Stokes, R.E., the repre- 
sentative of Great Britain, whose enlightened policy, if allowed to prevail, 
could not fail eventually to insure to the commerce of all nations, the 
best possible means of water communication with the rich corn-gyrowing 
countries bordering the shores of the Lower Danube. 
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ON PICTORIAL MOSAIC AS AN ARCHITECTURAL 
EMBELLISHMENT. 
By M. Dieuy Wrarr, Architect. 

lr is now fifteen years since I had the honour of bringing 
under the notice of this Institute a branch of the art upon 
another department of which I purpose making a few observa- 
tions this evening. I was induced for some time prior to that 
date to pay attention to the subject of geometrical mosaic for two 
reasons—the one general, the other special. The general, because 
Ilooked upon any possible addition to the technical pharmaco- 

ia (if I may so express it) of the architect as conducive to tlie 
introduction of the most legitimate novelty in his art: and the 
special, because I recognised in the contemporary efforts making 
by enterprising manufactarers, and in a rapidly-growing demand 
on the part of the cultivated public, every probability that an im- 
portant branch of industry was incubating by the one, and likely 
to be hailed with welcome by the other. 

A parallel conjuncture of demand and supply one cannot fail to 
perceive to be approximating at the present date in relation to 
pictorial mosaic; and in the hope that my humble exertions may 
contribute in some degree to the development amongst ns of that 
branch of the art, as to a certain extent they may have done in 
past years with respect to geometrical mosaic, I venture to 
address to the meeting this evening a few remarks, mainly 
limited to the practical interest of the subject. 

It would however be an act of dereliction to the real grandeur 
of my theme if I failed to notice what important subjects of 
inquiry for the art-student any such limitation necessarily pre- 
cludes our taking cognisance of this evening. 

Thus, firstly, there is the invaluable illustration which the 
series of still existing pictorial mosaics, dating from the earliest 
to the most recent Christian epochs, might be made to afford of 
the changeful spirit in which, at various periods, fervid faith has 
as it were assimilated to itself now one, and now another, cycle 
of religious personificatious of a more or less simple or compli- 
cated Christian mythology; sometimes veiling its aspirations iu 
symbolism, and at others setting forth dramatically the leading 
events upon which its hopes and fears were based. 

Next perhaps to this, which may be designated the liturgical 
interest of the art, is that which is, more strictly speaking, icono- 
graphical, including the much-vexed question of the degree in 
which many of those generally rude but nearlv imperishable pic- 
tures—which survive while almost every cotemporary graphic 
record has perished—reflect the usual aspect, the costume. and 
true physical characteristics of the clergy and laity, the rulers 
and the ruled, in the early ages of Christianity. 

Von Riimhor, in the “Italienische Forschüngen," thus ably 
hints at the snggestive value of such primitive records:— There 
in, indeed, much in the representations of the early Christian 
mosaics which carries us back into extreme antiquity, polars 
into the very first century of the reign of Christianity. In these 
our Saviour, the Apostles, and Prophets, invariably appear in 
complete classical costume, in long tunies, with the palliums 
superposed, and with naked feet, protected only by the sandals 
commonly worn in imperial times. When recent saints are in- 
troduced the habits of antiquity are exchanged for rich and more 
barbaric dresses; and the feet are usually completely covered." 
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The value of these ancient types we find acknowledged by subse. 
quent artists, as celebrated and modern as Raphael himself; for 
as the same writer justly remarks, in the cartoons and in some of 
the most remarkable of the Vatican frescoes we cannot fail to 
recognise an approach to the primitive forms of early Christi- 
anity, in the guise of a return to classical models, subordinated 
to the conventions handed down from the Church of the Early 
Fathers by tradition, from artist to artist, and from priest to priest. 

Thus, thirdly, is there a pnrely archeological interest attaching 
to pictorial mosaics, connecting those decorations with the indi- 
viduals by whom, or for whom, they were executed, with the 
specific periods at which they were wrought, and with the'struc- 
tural peculiarities of the monuments they adorn. On this branch 
of the subject, Ciampini, Furietti, and Spreti, have left but little 
virgin soil for tne nineteenth century literary labourers to dig into. 

Thus, fourthly and lastly, is there also an interest which affects 
us as architects more nearly, probably, than either the liturgical, 
iconographic, or archeological. I allude to the illustration 
afforded to the general history of graphic art by the numerous 
relics of pictorial mosaic, which supply, for nearly every century 
from the Christian era downwards, an unbroken series of docu- 
mentary evidence df those fluctuations of progress in design which, 
bridging over a Mediæval chasm, connect ancient Classical art 
with its revival under the great masters of the fifteenth century 
in Italy and their disciples to the present day. Having in twoad- 
dresses delivered before this Institute, one in 1847, and the other in 
1855, dwelt at some length, although incidentally, on the position 
of pictorial mosaic in art history, I may trust to your indulgence 
for treating, in general terms only, this really most interesting 
aspect of our evening’s theme. 

Having thus noted what I desire to eliminate, let me briefly 
define the point of view from which I would fain engage you to 
look with me at the whole matter this evening. That point of 
view is simply the one from which we may best realise what archi- 
tecta have to learn and to do iu order to effect a practical revival 
of the art in the present day. In describing, in one of the 
addresses already alluded to, some of the mechanical operations 
of the mosaic worker, I repeated in the year 1855 what I had 
first advariced in 1847, viz.—that I saw no reason whatever why 
we should not carry out in the various processes of mosaic 
« riv d what the Greeks and Latins practised of old.” If I was 
justified in that remark then, I am more than justified now, for 
as I shall hopa to presently convince you, many practical diffi- 
culties formerly existing have been removed, and convictions as to 
the eligibility of the revival entertained by a few then, are now 
heartily gympathised with by many, able not to dreain and desire 
only, but to work and to do. So strongly, indeed, is the current 
now settiug in, that I feel convinced it will be ere long incumbent 
on every architect practising in the higher walks of the profession 
to make himself acquainted with the best mode of dealing with 
what when onceadopted, will, I do notdoubt, become the most popu- 
lar means of adding the graces of colour to the refinements of form 
and proportion. ural painting must in our climate ever have 
to contend with elements certain to shorten ita ephemeral beauty. 
If attempted in real fresco, damp, fog, and frost speedily fastes 
upon ita very vitals, tending to set the lime against the oxiden 
and other pigments, which in time are eaten away, as even in 
Italy we frequently see them, into nothingness, Fresco secco is 
still less permanent. Tempera, or distemper, I need not waste a 
word upon. Oil or encaustic painting involves the use of vehicles 
darkening, turning yellow, shrinking irregularly, and ultimately 
often detaching themselves from the ground to which they are 
applied. What, then, is left to us, if we would have our deco- 
rations live after we have ceased to live, but those processes 
the most delicate and the boldest pictures produced by which, 
experience has proved that a thousand years may pass over, 
and steal no grace away." 

I purpose now, in the first place, putting before you in a sum- 
mary form tlie nature of such experience derived from the past; 
and in the second glancing at the various scopes and difficulties 
of the art, in its production and application. The main historical 
phases of pictorial mosaic were the following seven :— 


Ist. Classical. 

2nd. Latin. ` 

. Byzantine. 

. Greco-Italian. 

. Italian monumental. 
Italian portable. 
Mosaic in pietre dure. 


?8 
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The first, or Classical, is no doubt well known toall present in 
its general aspect; but, as the foundation of all the other styles, it 
demands a somewhat closer view: the more especially, I think, 
because this closer view may enable the architect to realise some 
distinctive features in ancient decoration; revealed to us through 
no branch of art more distinctly than through mosaic. These 
features I essayed to produce from ancient illuminated manuscripta, 
in a paper read iu this room in June 1860; but they may be 
better recognised iu the various remains of Classical mosaic. In 
the Roman decoration of imperial times, two distinct schools 
may be traced; the one most ancient—founded on Egyptian, 
Dorian, and Etruscan models—chiefly affecting monochrome com- 
binations of black and red or buff, or delicately coloured subjects 
and ornaments on uniformly fat grounds; aud the other rejoicing 
in the glowing tints and golden aud spangled gronnds of the East, 
popularised after the spoils of Ionian, Corinthian, Pheenician, 
and Syrian magnificence had given that taste for gorgeous costume 
which led to the substitution of the Babylonian embroidery and 
figured tissues in costume and wall-hangiuge, for the simpler 
stuffs indulged in during the republican ages. Whether the art 
of fabricating gold ground mosaic was of Oriental discovery, or 
whether, as is more likely, it was derived from the north of 
Africa—the nursery of the glass and enamel trade—are as yet 
unsettled points; but that it was freely adopted in imperial times 
is proved by the various specimens still existing at Pompeii and 
Naples. It iscertainly curious to remark how devoted the ancients 
were to tesselation as a system, whether in their finest or coarsest 
examples. Large surfaces of uniform colour are invariably made 
up of small cubes, little varying in size in any portion of the 
work. No special labour is bestowed on fine joints, and no effort 
is made to disguise their effect by using coloured cement stop- 
pings. The QUE was evidently accepted as an artistic 
invention, and with good taste and judgment it was kept regular, 
so as to prevent distracting the oye iron the pictured forme. Its 
lines were invariably made to subserve by contrast the effect of 
the flowing contours wrought apon it; and no effort was made by 
the use of large slaba, combined with tesseræ, to save the labour 
or expense consequent on reducing the whole to one uniform 
gauge of.size or rectangularity. This reduction of all to a com- 
1non modulus is one of the sources of that ap nce of flatness 
and repose which uliarly marks all well-designed pictorial 
mosaic. Such regularity is infinitely more important than fine- 
ness of work. The best specimens of the value of this adherence 
to gauge over large plain surfaces with which I am acquainted, 
are those noble black and white pavements, and wall and vault 
linings, which abounded in the baths of Caracella, at Rome. 

To those of my hearers familiar with such mosaics as those of 
the “Battle of Issus,” at Pompeii; of Pliny’s “ Doves,” in the 
Museum of the Capitol at Rome; of the fine pavement found 
amidst the ruins of Hadrian’s Villa at Tivoli, now in the Hall of 
the Masks in the Vatican; of the splendid arabesques and head 
of Minerva, brought from the site of Cicero's Villa at Tusculum, 
and now in the Hall of the Greek Cross; it is needless to state 
that, in all that constitutes perfeotion in graphic imitation, the 
fine opus vermiculatum of the ancients left nothing to be desired. 
Not only wae form represented by light aud shade, and local 
colour expressed by positive colour, but the utmost refinement of 
graduation in shadow-tinte and reflected lights was accurately 
copied from nature. Even in that curious mosaic removed from 
the Temple of Fortune to the Barberini Palace, at the ancient 
Preneste, now Palestrina, in which the learned have recognised 
the identical primitive specimen referred to by Pliny in the words, 
“ Lithostrata cceptavere sub Sylla extat quod in Fortune delubro 
Praeneste fecit" a great variety of colouriug and much minute 
execution in the animals, figures, and landscape are to be observed. 
For the production of such vivid and varied tints, natural self- 
coloured materials, such as marbles, stones, &o., could not suffice; 
and the skill of the glass-worker was therefore pressed into the 
service, to enrich the mosaic-workers palette. For him not only 
were vitreous panos Kipare, glowing with every colour of the 
rainbow, but chemical processes for staining and tinting natural 
materials were brought into use; and finally the vitreous tes 
were overlaid with gold, covered in its turn by a thin film of pure 
white glass, which effectually secured the metal surface from con- 
tact with noxious gases or damp vapours. Not content with ap- 
plying his incrustation to plane surfaces, the moaaic-worker learnt 
also to adapt it to the varied forms of basso relievo. In this 
country, among the Pembroke marbles at Wilton, we possess one 
of the few specimens known of this curious mosaie, which was 
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atonce sculpture and painting. Nor is it in such exceptional 
uctions only that we are rich, since in the more ordinary 
inds of pictorial mosaic, in which figure subjects are combined 
with flowing and conventional ornament, the soil of this country 
has teemed with valuable reliques of the Roman occupation of 
ourisland. Of these, from my own portfolios, and through the 
kindness of many friends (Mr. George Maw being the one to 
whom I am most indebted), I am enabled to present to your 
notice this evening a very fair assemblage of ntations, 
inus them let me direct your special attention to the follow- 
ing:—The magnificent head of Ceres, from Corinium (Cirences- 
ter); the subject of Orpheus, from Winterton, near Lincoln; the 
Bacchus, at Thruxton, Hants; the scenes of the Circus, from 
Horkstow-on-Humber, Lincolnshire; the head full-size, showing 
the tesselation, from Bignor, Sussex; the fine Bacchus, from 
Stonesfield, near Warwick ; the grand pavement, from Littlecoat, 
Wilts; and the Bacchus found on the site of the East India 
House, Leadenhall-atreet, now in the Indian Museum. The most 
remarkable specimens of Boman work brought to this country 
from other lands are a few small pieces in the Temple collection, 
aud the noble fragments of an extensive pavement fonnd at Car 
thage by Mr. Davis, and now in the British Museum In addition 
to the Italian examples, most of which have been engraved, many 
specimens exist in other countries. Among the beat of these, I 
would note the great pavement at Constantine, in Algeria; ihose 
found near Lyons (published by M. Artaud); apd the Spanish 
varieties ^ mens Aaa Snead ype dwelt on n mosaic 
at ter lengt purpose doing upon any other species, 
bane the careful atudent will find, I think, that evidence exista 
that every kind of technical process or artistic convention applied 
at any subsequent period to the art was known to and practised 
by the ancients. 

The second variety of pictorial mosaic may be designated as 
Latin, since it long retained the marked peculiarities of stylé 
which distinguish Latin from Byzantine art. Thus, not in the 
choice of subjects only, but in the retention of the ruddy flesh- 
tinte, the deep brown shadows, and the stumpy figures and simple 
costumes of the decline of Roman painting, do such mosaics as 
those of the fifth century at Santa Sabina, Santa Maria - 
giore, and San Paolo Fuori delle Mura, at Rome, differ from later 
specimens executed in the game city; if not by Greeks alone, at 
least by a preponderance of Greeks over the direct descendants 
ofthe original classical mossicists. M. Barbet de Jouy, of the 
Louvre, who has profoundly studied the subject, remarks that 
“the mosaics executed from the time of tine to the 
Pontificate of Nichulas I. (a.p. 858) do not possess the Byzantine 
character." This, though partially correct, is far too sweeping an 
assertion : it sufficbs, however, to show that the separation in 
classification of Latin from Byzantine style in mosaica is eesen- 
tial to preserve a correct idea of real, not fanciful, distinctions. 
The earliest Christian Latin mosaic known is that which lines 
the vaulting of the little baptistery of Santa Costanza, adjoining 
the basilica of St. Agnese, and dates from the age of Constan- 
tine It would be extremely difficult to say which was the 
latest. 

The more closely the matter is studied, the more evident it 
becomes that a distinct Latin influence in the history of art is to 
be traced, running beeide, mi ling with, but never altogether 
losing its identity in, the great tide of progress which swept from & 
thousand springs and sources over the whole continent of 
Mediæval Europe. Thus, amongst existing remains of the Middle 
Ages we may point to three in particular in which many 
of the Latin peculiarities of mosaic working have been faithfally 
preserved to a sie npr fiers date; one in the north of m 
and the other two in that district over which we may frequently 
recognise traces of the influence exercised by the long-flourisbing 
Latin schools of Aix la Ohapelle and Cologne. In the pavement 
of the cathedral at Novara—-a work executed at intervals probably 
between tbe beginning of the twelfth and the middle of the thir- 
teenth ceuturies— we meet with a very fair reproduction of a 
black and white classical pavement. In various medallions are 
birds and allegorical figures, of one of which I produce a fac- 
simile traced by Mr. George Maw from the original From this 
may be readily observed the coincidence which occurs between 
the tesselation of the Novara pavement and that of the ancient 
pavements of Pompeii, such as I have sought to reproduce in the 
Crystal Palace at Sydenham. It is probable that a somewhat 
similar mosaic pavement, with figures representing Rhetoric, 
Logic, Prudence, &e., and a zodino, was formerly in the church of 
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Bt. Irene, at Lyons,—a city in the neighbourhood of which many 
fine classical mosaics existed, which might have well served as 
models for this mediseval specimen of tesselation. 

In the year 1831, extensive excavations, fully described in 
the work of M. Wallet, were commenced, to uncover the 
erypt and choir of one of the ancient churches of St. Bertin, 
at Bt Omer. These laid bare one of the most interest- 
ing monuments of art ever exhumed in France. A reference 
to the engravings taken from M. Wallet’s learned work, 
will show at once the nature of the pavement, which repre- 
sented—by a regular classical teaselation of black, red, yellow, 
and bluish gray, executed in terra-cotta, stone, nite and 
marble—the zodiac surrounding a equare, divided diagonally 
by conventional ornament, and containing three medallions and a 
monumental slab in the several triangles so spaced out, Of these 
the most interesting is the monumental slab, which is covered by 
a figure of William, son of Robert, Count of Flanders. Time does 
not permit of my dwelling in detail upon the workmanship of the 
medallions, which show a curious transition from the moeaic to 
the purely-incised slab pavements; but I may be permitted to 
congratulate France and its archeologists upon the fact that the 
date of 1108 wrought round the supine tigure of Prince William 
leaves no doubt as to the retention at that period of workmen 
perfectly capable of imitating in mosaic the important fragmenta 
of classical mosaic which served, so far as processes of manu- 
facture and ornament are concerned, as models for the execution 
of this precious work. The third rare specimen of medisval 
Latin mosaic is the monumental slab of Frumualdus, Bishop of 
Arras, found in the cathedral of St. Waast, at Arras, in 1835, and 
now preserved in the museum of that city. Frumualdus, who 
died in 1183, is represented standing and in full episcopal costume. 
The details are worked out, as you may observe by an inspection 
of the elaborate coloured plate qu in Gailhabaud's ‘ Archi- 
tecture et les Arts qui en dependent,' in tessere, among which 
are many obviously gilt One peculiarly classical feature, the 
retention of which would go far to prove a Latiu rather than & 
Byzantine tradition for this work, is to be noticed in the strong 
black outlining of the figure. Iam not aware of the existence 
of any later Latin tesselation than is shown in these three 
examples, 

We come now to our third species—Byzantine mosaio—which 
includes nll that was done in Greece and Asia Minor, and much 
that was done in Italy, from the transfer of the seat of empire in 
the year 329, until the Italians began to learn from the Greeks to 
practise the art for themselves. History tells us that Constantine 
took artificers to Constantinople with him skilled in all the arts 
of Rome; and hence we naturally find that the earliest Byzantine 
monuments can scarcely be distinguished from the classical; but 
the new soil and the old soil soon caused the same parent stock to 
bear very different fruits. Byzantium rose as Rome sank. No 
doubt a freer intercourse with the nations of the east, and more 
especially with Persia, soon led the Greeks to engraft enhanced 

brilliancy on their fading recollections of classical art; and 
gorgeousness in costume, in textile fabrics, in illuminated manu- 
scripta, and in pictorial mosaic, soon usurped the foremost place, 
once assigned to severer sources of beautiful effect. To the pages 
of Hope, Lord Lindsay, Gally Knight, Von Quast, Salzenberg, 
and Ciampini, I must refer my hearers for detailed information 
upon the produetions.of the Byzantine mosaic workers, content- 
ing myself with noting that it is iu their earliest labours at Santa 
Sofia at Constantinople, and in the churches of San Nazareo e 
Celso (the tomb of Galla Placidia) San Vitale, and the two 
churches of Sant Apollinare di-fuori, and di-dentro, at Ravenna, 
that the tinest models for our imitation are to be met with. 
Byzantine pictorial mosaic is exclusively upon gold ground; and 
there is ample evidence that from the date of the commencement 
of the iconoclastic troubles in 742, when multitudes of Greek 
artista and monks were driven out by persecution to seek a pre- 
carious living in foreign countries, the staple of such work was 
invariably executed, and the necessary materials probably manu- 
factured by these itinerant mosaiciste. What are to be peculiarly 
admired in the Byzantine interiors are the breadth of decorative 
effect invariably aimed at; the good proportioning of the scale of 
the pictures and ornaments to the distance from which they 
require to be viewed; the judicious use of bands, margins, aud 
string-courses, to keep their compositions distinct, and make 
them subservient to an architectural disposition ; and the judg- 
ment with which they invariably acceutuate or emphasise leading 
architectural features. For instance, nothing can be happier than 
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the mode in which they almost always treated the soffits and faces 
of arches, and the arrétes or salient angles of vaults. Many of 
these may be seen in the sketches now submitted, the whole of 
which were executed by me from the original models. No 
arrangements of decorative form can be happier than such as 
exist in some of the cupolas of St. Mark's, at Venice, of which I 
offer to your notice after the conclusion of my paper some careful 
sections taken from Kreutz's elaborate work. 

Next to Conde and Ravenna, Rome certainly offers the 
noblest specimens of Greek work; done probably, to a great ex- 
tent, through the “Scuola Greca" established by Pope Adrian I., 
in the year 782, and attached to the church of Santa Maria, in 
Cosmedino. As if to reward the patro of the pontiff, the 
get mosaic of Santa Pudenziana, done in his days, is by far the 

st in which the Greeks appear to have played the leading part. 
The musaics executed at ə for the next three centuries, 
although numerous, and on a grand scale, exhibit—with the ex- 
ception, perhaps, of those of Santa Prassede—a marked falling 
off. In those of the apse of San Clemente, carried out early in 
the thirteenth century, a decided revival is manifested, but des- 
tined to burn brightly for a short time only; being as it were 
almost the last burning up of the already waning flame, which 
had for so many centuries shed a brilliant light from the capital 
of the Eastern Expl far and wide over the continent of Europe. 

We now come to the fourth, or Greco- Italian serios, which are 
important on two a&coounts—firstly, because they illustrate a 
gradual emancipation from tradition in the limitation of subjects 
&nd action; and secondly, because they constitute the transition, 
which ended in the transfer of the art, from one nationality 
pesar fitted to maintain technical efficiency, to another not 
ess qualified to graft pictorial excellence on mechanical precision 
aud perfection. The first mosaics execnted in Sicily—those of 
the Church of the Admiral and of the Capella Palatina—bear 
Greek inscriptions, and were wrought by Greeks, —in the first 
exclusively, and in the second probably under the guidance, as 
to design, of Saracenio artists. 

For the later aud far more extensive works at Monreale and 
Cefalu, the mixed races, protected under the Norman dominion, 
each contributed their quota of skill. The Duca di Serradifalco, 
and Cicognara, agree in recognising the influence exerted on Pisa 
by the advance made in Sicily, and, through Pisa, Sienna and 

orence, were ultimately unquestionably stimulated to rapid 
advance in art. The cathedral at Monreale—a beautiful drawin 
of the interior of which, by the late Herr Zunth, was bequenthe 
by him to this Institute—offers I believe, next to Santa Sofia at 
Constantinople, and St. Mark's at Venice, the noblest and 

dest instance of a church decorated throughout with mosaic. 
ving worked hard in it for many a day from dawn to sunset, I 
can bear a humble testimony toits invariable beauty under every 
changing condition of light and shade. "Whether bathed in sun- 
shine and all alive with glowing colour, or almost dark at closin 
day, retaining to the last some lingering gleam upon its gilde 
wall-faces, its t is one, not of gaudiness nor gloom, but of 
serene and diguified magnificence. As in Sicily, so in Venice, 
the art was at first kept entirely in the hands of Greeks, who 
not only worked at St. Mark's, but at Torcello and Murano as 
well In the latter island they no doubt laid the foundation of 
the glass trade, previously a Constantinopolitan monopoly, so far 
As the more difficult branches of the manufacture were concerned, 
From the Murano glass-houses, from the Scuola Greca at Rome, 
and from a manufactory established at Palermo, as well as M 
direct importation from Greece, the materials were supplied wit. 
which the Greco-Italian mosaics were executed. The profits made 
by the itinerant Greeks in Italy, coupled with an increased 
demand for works of decoration consequent on the wealth 
accumulated by the northern republics, through trade gains, soon 
caused an attempt to be made by the Italians to break up the 
Byzantine monopoly. 

The auccess of this attempt led to the development of the fifth 
species of pictorial mosaic, which I have desiguated Italian 
monumental. It was in Florence, early in the thirteenth century, 
that the transfer of the monopoly was consummated. Andrea 
Tafi, a Florentine, having insinuated himself into the confidence 
of certain Greeks working on St. Mark's at Venice, prevailed at 
last—as Vasari says, “con preghi con danari, e conpromesse”— 
on a certain Apollonius to go to Florence, and work with him 
upon the mosaics which still line the vault of the Baptistery in 
that city. A rival of Andrea’s was the even more celebrated 
Mino da Turrita, who, having gained an earlier although pro- 
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bably less accurate knowledge of the Greek processes, preceded 
Andrea in working on the Baptistery. Subsequently Gaddo Gaddi 
was employed as an assistant on these works; and by these artists, 
and by their pupils, and pupils’ pupils, almost all the pictorial 
mosaics subsequently executed in Italy were carried out. Amon 
such may be specially noticed, as combining fine execution an 
decorative colour with really good art, the splendid apse lining of 
San Giovanni Laterano, and Santa Maria Maggiore, at Rome; 
executed by Mino da Turrita and Gaddo Gaddi, by the latter of 
whom Giotto's celebrated “ Navicella,” at St. Peters, was also 
wrought. 

So highly did the Italians esteem the products of Andrea’s 
combined talent and cunning, that after his death they honoured 
him with the following epitaph:— 

*' Qui giace Andrea, ch’ opre leggiadre e belle 
Fece in tutta Toscana, ed ora e ito 
A far vago lo regno delle stelle." 

Pietro Cavillini and the Cosmati subsequently obtained re- 
putation by their mosaic, principally at Rome; the latter work- 
ing in the Gothic manner altogether. I have every reason to 
believe that the Greeks continued to labour at Venice long after 
their services were dispensed with in other cities of Italy; al- 
though, after 1400, I think the work at St. Mark's to have been 
altogether Italian. With the uprising of the great school of 
fresco painting, the employment of mosaic, a far more costly 
decoration, was to a great extent dispensed with; although at 
Pisa, Orvieto, Sienna, and Rome, both styles of mural embellish- 
ment are constantly to be seen together. Their union is not, 
however, to be admired, owing to their unequal durability—the 
permanence of the colour of the one frequently making need- 
lessly conspicuous the fading or staining of the other- The beat 
early Renaissance monumental mosaics with which I am ac- 

uainted are those from the designs of Raffaelle in the Capella 

‘higiana, in Santa Maria del Popolo (illustrated in colour by 
Mr. Gruner), and the vault of a subterranean chapel in Santa 
Croce in Gierusalemme, at Rome; the design of which is attri- 
buted to Baldassare Peruzzi. The best late Renaissance mosaics 
on a grand scale are unquestionably the magnificent decorations 
of the vast cupola and pendentives of St. Peter's—models which 
one would fain see rivalled, not slavishly imitated, in our great 
metropolitan cathedral. For the production of the Papal mosaics, 
a fabrica, or government establishment, was founded, which has 
not failed, up to tlie present time, in providing materials and 
labourers equal to the repair of old and the initiation of new 
work; equal in all respects to, and surpassing in some, the pecu- 
liarities of each style we have hitherto noticed. 


(To be continued.) 
— Áül ——— 


ON BENSON'S HIGH PRESSURE STEAM BOILER. 
By Jonw JaMzs RUSSELL. 
(Concluded from page 88.) 

THE leading feature of this boiler is the use of the circulating 
pump, to maintain a constant and regular circulation of the water 
through the entire set of tubes forming the heating surface of the 
boiler. This principle of mechanical circulation is found essential 
in order to carry out completely the idea of a tubular boiler, in 
which the heating surface consists entirely of the tubes having 
the pressure internal, and thereby attainiug a maximum of 
strength and safety with a minimum of material The rapid 
generation of steam in the lower portion of such a boiler would 
so far choke the passage of the tubes as to check the natural cir- 
culation of the water, and cause the tubes to be rapidly burnt out, 
The objection arising at first against the adoption of artificial or 
forced circulation instead of natural, —that it is not self-acting 
and may therefore be liable to cause interruption tothe working of 
the boiler,—has been satisfactorily proved by the results of the 
continued working of this boiler to be practically met by the 
Septet of construction of the circulating pump, as shown in 
Fig. 10, Plate VI., previously described. During the ten months 
that the boiler has been in continual work the circulating pump 
has always worked well, and never given any trouble except from 
causes foreign to its principle of working; such as the water 
freezing in it and breaking it, which occurred once during the 
late severe frost. In first raising steam in the boiler no difficulty 
is experienced from the circulating pump not being at work, since 
the tubes do not require circulation of the water until steam is 
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raised, and the pump then starts with a small pressure of steam, 
so little power being required to work it. 

The portability of this boiler is an important practical advan- 
tage for several cases of application. The largest piece, the 
receiver, is only one-tenth the size of an ordinary boiler of the 
same power; and the tubes can be packed in bundles, giving 
great advantage for shipping over other boilers both in the reduc- 
tion of total weight and in theincreased facility forstowage. The 
economy of space is very great, and an important advantage in 
many situations where space is limited and valuable; the 
space occupied being only one-sixth to one-fourth of that 
required for ordinary Cornish or cylindrical boilers of the same 
power. 

Owing to the duplication of parts in its construction, the 
cost of the boiler is but little more than that of ordinary boilers 
above 25 horse power, including the circulating pump and all the 
mountings, <A small boiler of the kind costs more in proportion 
than a large one; for in all cases it is best to havean independent 
circulating pump, aud a small pump costs nearly as much asa 
largeoue. In this comparison it is supposed that the steam is 
worked at the ordinary pressures in both cases, say from 25to 50 Ib. 
pr square inch; but the suitable working pressure for the new 

iler is 100 to 1501b. per square inch, with the steam super- 
heated and worked expansively; when thus worked and compared 
with other boilers in first cost per horse power, the new boiler is 
much cheaper, and in all cases far cheaper for transporting and 
setting in masonry. The average thickness of the boiler tubes is 
not more than } inch, and their whole surface is effective heatin 
surface; this results in a great saving of weight compared wit 
ordinary boilers with plates 8 to à inch thick. Tn comparison 
with marine boilers the new boiler can be made much cheaper 
than those on the ordinary mode of construction, while the facility 
for repair gives a decided advantage. 

Though the steam and water from the tubes are discharged 
together into the receiver, there is a complete separation of them, 
and there has not been the least trouble from priming. More 
fully to prove the fact of their separation, cocks have been placed 
on the upper and lower sides of the delivery pipe G, Fig. 1, leading 
from the tubes to the receiver: from the upper cock nothing but 
steam was found to issue, and from the lower nothing but water; 
and supposing priming to be caused by taking steam from boilers 
exposed to the direct action of the fire, it is effectually prevented 
in this boiler for the reason that no fire acts upon the receiver 
containing the water, from which the steam is taken off, and con- 
sequently the water remains in a quiet state. Superheating of 
the steam is effected by returning the steam from the receiver 
back by the pipe R, Fig. 2, to the upper part of the furnace and 
passing it through a sufficient number of superheating tubes S, 
whence it is taken off by the steam pipe T to the engine. The 
superheating tubes S are arranged and united together in the 
same manner as the boiler tubes, and are consequently as simple 
and convenient to get at for erectiug and repairing. 

The evaporative duty of the boiler with Staffordshire slack has 
been 54 lb. of water per lb. of fuel, without covering the receiver 
and steam pipes to prevent condeusation. Steam has been raised 
froth the time the first shovel of fire was placed in the furnace 
when cold, without wood or forced draught, to 10 Ib. pressure in 
25 minutes, when the steam was sufficient to start the circulating 
pump; in 10 minutes more there was 35!b. pressure of steam, 
when the engiue was started; and in JO minutes more, being 45 
minutes from the time the first the shovel of fire was put in the 
furnace, all the machiuery driven by the engine was in operation 
and there was sufficient steam to produce all the power required. 
This was with only y;ths of the boiler or 460 square feet ot heat- 
ing surface, 4iths of tbe boiler being then not at work. The 
practice at dinner hours and other times when the engine is 
stopped has been to close the damper, opeu the firedoors, and 
cover the fire with ashes and slack, and work the circulating 
pump as slow as its construction will permit; this entirely prevents 
generation of steam, and in the meantime saves the tubes from 
overheating. For starting the engine again, the fire is stirred u 
and supplied with coals 5 or 10 minutes before steam ia wanted, 
which is ample time to generate a regular and sufficient quantity 
of steam to commence working all the machinery driven by an 
engine of 60 horse power. Steam can be regularly maintaiued 
in the boiler that has now been in use for ten months, with & 
variation of from 10 to 15 Ib. pressure when all the work is on the 
engine with 40 to 55 Ib. steam in the boiler. The pressure cannot 
be maintained with quite the same regularity in this boiler as in 
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ordinary boilers, on account of the comparatively small amount 
of steam room; at the same time it is found that a sufficient 
quantity of steam is made with regularity enough for all practical 


For the purpose of ensuring that the pressure of steam supplied 
to the engine shall never exceed the intended limit, and of pre- 
venting any risk of injury to the engine by over pressure arising 
from the comparatively small steam room in the boiler, the regu- 
lating valve shown in Fig. 9, has been designed by the writer, and 
is found to fulfil this object with complete success. It consists of 
a double-beat valve U, having a piston V below it fixed upon the 
same spindle and of the same area as the lower valve, and supported 
by a spiral spring which presses the valves open. The steam from 
the boiler, passing through both the valve seats, is delivered to 
the engine by the pipe W; at the same time it acta upon the top 
of the piston V, compressing the spiral spring below to a greater 
or less extent according to the pressure of the steam, and thus 
partially closing the valve and withdrawing the steam whenever its 
pressure at entrance approaches the intended limit. The spiral 
spring is adjusted so as to hold the valve full open until this 
* limit of pressure isnearly reached; but whenever that takes place, 
the partial closing of the valve checks the supply of steam and 
prevents the pressure of the steam supplied tthe engine from 
rising above the intended amount. The bottom of the spiral 
spring is carried by a cylindrical cap X, sliding vertically and 
supported by the end of the weighted lever Y, which is adjusted 
to balance the pressure on the piston at the limit of steam pres- 
sure. As soon as the intended pressure is exceeded, this lever 
is Apresa immediately, closing the valve entirely and shutting 
off the supply of steam, thus preventing any increase of pressure 
in the steam pipe W when the engine ìs standing, which would 
otherwise be occasioned by the accumulation of steam gradually 
pessing through the contracted opening of the valve that serves 
to supply the engine when working. A safety valve Zis added on 
the top of the casing to make the precaution complete. This 
regulating valve is in constant work, and maintains the steam 
more to the engine at a uniform pressure. It may also be 
applied with advantage to low pressure and high pressure rue 
working in connection, serving completely to regulate the limit 
of pressure of the steam supplied to the low pressure engine, 


——————————— 


THE SOCIETY FOR THE ENCOURAGEMENT OF THE 
FINE ARTS. 

Six c our last record of the proceedings of this society, it would 
seem to have gained a firm hold upon public favour. Nor is thie to 
be wondered at, considering the inducements it offers to its mem- 
bers at so nominal a subscription. An institution such as this, 
where those engaged in the higher branches of art could regularly 
associate one with another, and each in its turn lend its aid towards 
the furtherance of the common good purpose, had long been a 
desideratum; and when the scheme was broached, now scarcely 
three ere ago, it was based on so liberal a plan, and was ao 
cheerfully seconded by influential men in the several departments, 
as at once to inspire confidence of an ultimate success, The 
society has now recommenced its series of conversazioni for the 
season. Atthe first, held at the '* Winter Exhibition," 120, Pall- 
mall, by the permission of Mr. Wallis, the proceedings of the 
evening were unusually attractive, since in addition to the musical 
entertainment, which forms so agreeable a feature at these gather- 
ings, the pre medals awarded last session were presented as 
follows :—for “ Historical Painting,” to Mr. Marcus Stone; for 
“Landscape,” to Mr. McCallum; for “ Genre,” to Mr. Calderon; 
for ** Water Colours” (two prizes) to Mr. S. Read and Mr. 
E. H. Warren; for “Sculpture,” to Mr. G. Halse; and for 
* Architecture," to Mr. A. Ww. Blomfield, in consideration of the 
* Mission House," just completed 1n Bedfordbury, Westminster, 
from the designs of the latter gentleman. The second conversa- 
zione was held last week in the galleries of the “ Architectural 
Exhibition,” Conduit-street, and the next, which is arranged 
for the 17th of the present month, will take place in the Exhibi- 

tion rooms of the Society of British Artists, in Suffolk-street, 
Pall-mall. During the remainder of the season, successive month! 
conversazioni have been organised for different localities, in addi- 
tion to the usual Thursday evening lectures, which for the present 
month stand thus :—April 3rd, “On Common Things in reference 
to Art,” by Mr. James Fahey; 10th, “On the Street Architec- 
tare of London,” by Mr. James Edmeston; 24th, “ On Painting 
and Painters in England from 1760 to the present time,” by 
Mr. H. Ottley, the Hon. Secretary to the Society. 
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REVIEWS. 


The Dictionary of Architecture, from FEL to FYN. 
The Archi Publication Society. 


We have already had occasion to speak in the highest terms 
of the Dictionary of the Architectural Publication Society, and 
to urge the importance of supporting that Society upon our 
readers who, we may add, will find the volumes issued by it 
fully to repay the very moderate subscription in return for which 
they arefurnished. The part before us quite keeps up the charac- 
ter of the Dictionary, both for comprehensiveness, for minute 
investigation, and for trustworthy accuracy. As specimens of 
the varied nature of ita contents and of their excellenee, whether 
the matter under discussion be theoretical and esthetic, practical, 
or historical, we cannot do better than mention the articles 
occurring under the words FLAMBOYANT, FOOTING, and Fontana: 
we subjoin an extract from one of them :— 


“‘Foottna oP A WALL. The projecting first or lowest courses of 
stone or brick, at the bottom of a wall, which are intended, by providing 
a substantial base, to prevent the wall from cutting into the foundation, 
and from slipping or sliding upon it. When stone is used for the footing, 
it should be laid in large sizes of even thickness in level beds throughout 
each course. When brickwork is used, the intention of the footing is 
often frustrated by the introduction of inferior bricks, and even of bats, 
drowned in mortar. Pasley, Limes, etc., 8vo., London, 1836, 266, and 
App. 32, speaking of some presumed failures in government works, 
observes that care must be taken, in commencing the brick footings 
of a building on a concrete foundation, not only to use cement, mortas, 
and hoop-iron bond, in order to do away with the necessity of the more 
expensive expediente of Yorkshire landing stones and chain timbers, 
but also to construct inverted arches under all the proposed openings for 
doors and windows, in order to equalize the preesure. It may be men- 
tioned that the footing courses of the pillars of Lincoln cathedral have 
so much projection that they extend laterally until they meet those of the 
side aiales; Penrose, in Memoirs, etc., read at meeting of Archreoloyical 
Institute held at Lincoln 1848, 8vo., London, 1850, p. 138. The footings 
of the cathedral at Amiens are given by Violet le Duc, Dict., s. v. 
Construction, 176. Footings should never be less, it ia said, than 5 feet 
below the surface in clay prm no drain should be laid below the 
level of them; consequently the necessary precautions must en 
to prevent, above a certain eire in the walls, the rise of damp from 
land springs or other causes." 


Hand-Book of the Slide Rule, By W. H. Bauer, H.M. East 
India Civil Service. London: Bell and Daldy, 1861. 

This book is a good instance of the value of a work thoroughly 
well done. Long practice has evidently made Mr. Bailey a per- 
fect expert in the use of the slide rule, which he makes applica- 
ble (to quote the words of his friend in the opening dialogue) 
“to all sorts of cases; and tosses off his answers as if it gave 
him no trouble at all” Being thus a master of his subject, and 
as a natural consequence having his heart in it, he proceeds with 
great ability, clearness, and in a most readable way, to offer all 
who care to learn the benefit of his knowledge and skill. This he 
effects by giving, not only a lucid explanation of the slides and 
the way of handling them, but also some very serviceable tables, 
and short and Rey arithmetical rules. A third point, and the 
most valuable of all, is the host of examples (showing the mode 
of working in every instance) with which the book is filled, and 
which certainly seem to show our author's wooden rule of three, 
well handled, to be indeed a divining rod. The principle adopted 
throughout is, that what is worth learning at all is worth learnin 
well: and we believe that any one who has an ordinary hea 
for figures, and reads the book with his slide rule in his band,— 
carefully noting the explanations, storing his memory with a few 
useful numbers, and faithfull ing through each example step 
by step,—will find at the end of his study that he has acquired 
something very like a new faculty in computation. . 

We extract a few examples to show the wide field open to the 
application of the slide rule in Mr. Bailey’s practised hands. 
Those who wish to acquire equal facility we must refer to the 
volume itself. 


“ Ez, 328.—Let Fig. 3 represent a field of a Fic. 8 
idal shape, in which AB=320 feet, CD= A B 
720 feet, and the perpendicular Ae=360 feet. 
Required the area in acres. 
1040 (sum) 


A 4°3 acres. 
B 360 87120 c " D 
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Ez. 414.—Let the following figure represent the section of a railway 
cutting, of which the roadway is 640 feet long, and haa its width 30 feet 


throughout. 
ES Fic, 2. 


At the smaller end the width at top is 90 feet, and the perpendicular 
depth 12 feet; at the other end the width at top is 230 feet, and the 
perpendicular depth 40 feet. Required the content in cubic feet. (The 
two parallel ends being trapezoids, their area is found by multiplying the 

mean width by the height.) 


60x12= 720= area of end 
180 x 40-5200 = area of end 
Then S= 15800x 640 


190x52—9880—4m 


D 


15800 
A 1685383 cub. ft. ; 640 
B 15800 8 


Ex. 454.— Required the weight in lbe. of a bar of wrought-iron 2} ins’ 
square and 108 inches long. 


A 3:551 “Divisor” 


z= 108x2257) B 108 
3:551 )C 154 Iba, 
l D 2:25 
or 
5.198 x225* C 108 154 Iba, 
1885? D 1:885 2:26 


_ Ex. 478.—Suppose a field measured with an imperial chain of 66 feet 
gives acontent of 8:6 acres; and doubts being expressed as to the correct- 
neas of the chain, it is measured again with a standard chain, and found 
to be 8°95 acres;—how many feet was the first chain too long? 

Here 48:6 : 48:95 :: 06 : zx. 
C 8:6 8:95 
C 66 


61:3; or 1*8 ft. too long. 

Ex. 4784.—Suppose a field measured with a chain said to be 50 feet 
long, and entered as 3 acres, is again measured with a chain known to be 
EM found to be 2:9 acres;—how many inches waa the first chain 

sho! 


Here J8 : 42:9 :: 50:2. 
Cc 2:9 3 
D 49°25; ot 9 inches short 50 


Ez. 519.—1f a shaft making 68 revolutions a minute has six drums 
upon it, whose diameters are respectively 24, 16, 18, 82, 14, 30 inches, 
each of which drives a separate machine, what will be the diameters of 
six others to replace them, when the speed of the shaft cannot be kept 
up above 62 revolutions per minute! (Here a reduction of speed is equi- 
valent to wheels of larger diameter.) 


A 14 16 18 24 32 30 68 
B 158 176 — 197 9264 — 851 WT 62 


DISCHARGE THROUGH OBIFICES. 
Circular orifice. Velocity in feet per second = 4/depth x 8:1. 
Ex. peerage ey the velocity in feet per second, of water issuing 
w. 


from an orice ose centre is 11 feet below the surface of the water. 
1 11 
D 81 2:69 


Rectangular orifice open to surface. Discharge in cubic feet per second 


area in square feet x “depth in feet 
7 4/864 


Ex.530.— What is the horse power of a double-acting low-pressure 
engine, working at full stroke, the diameter of whose cylinder is 30 in., 
the stroke 5 feet. the number of strokes 22, and effective pressure on the 
piston 9:3 Ib. per square inch! The “ velocity"=5x2x22=220. The 
pressure per gircular inch — 7:3 Ib. 


Then H.P, = 30°X7'3x 220 _ 30?x 1600 
33000 "7 33000 
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A 33000 
B 1600=pxv 
c 458 H.P. 
D 30 

or 
C ^ 16000-pxv 48-8 H.P. 
D 181:66 30 


Ex. 531.— What will be the horse power of the above engine if worked 
expansively, with a mean pressure of 6:1 lb. per square inch, or 4'8 per 
eircular inch? 


A 83000 
B 1056=pxv 
Cc 29 H.P. 
D 30 

or 
C 1056=pxv ` 29 H.P. 
D 181:66 80 


DEPRESSION OF THH HORIZON. 

The curvature of the earth in feet, when D — distance in statute miles, 
is 4 D*; which at the distance of 1 mile, wonld make a difference of level 
of 8 inches. But as the effect of ‘refraction’ is to raise a distant object, 
the difference to the eye, is § D?, or 6$ inches in 1 mile. So that if the 
horizontal wire of a levelling instrument duly adjusted, is in a line with 
the window eill of a house 1 mile off, the sill is really 68 inches below the 
wire of the telescope. On the surface of the ocean, and at long distances, 
the effect of the curvature of the earth must be taken into consideration, 
‘and the formula À = §D%, is set as follows on the slide rule, so that 
either the “difference in feet," or the ** distance in miles," can be found 
for a whole series, at one setting of the slide. 

Ex. 538.—1f my eye is 22 feet above the sea, and I can just see on the 


horizon a light (of a lighthouse) known to be 125 feet above the sea, what 
is my distance in miles? (z= 2x12% ; 
oS 22 125 
D 8 $3 T 


The answer is 6°3+15=21°3 statute, or 18) nautical miles. 


We need hardly add that we warmly recommend the Hand- 
Book of the Slide Rule to all whose duties lead them to count 
and measure, 


Modern Architecture: Illustrated by Views and Plans of Gothic 
and Classic Buildings which have been erected since 1850, 
from the designs of James Murray, Architect. Part I. 
Coventry : 1862. 

The first part of this work, just issued, is before us, When 
completed it will consist of about sixty plates, twenty-five of 
which will be views executed in lithography by the author, and 
printed in tints; the remaining plates are to be plans and sketches 
of the various works. Part I. contains five plates, and illus- 
trates the Church of St. James, at Stratford-on-A von, a pair of 
Villas at Coventry, and a Drinking Fountain at Stoke-upon- 
Trent. These buildings are all good in their several ways, and 

resent examples of novel treatment of familiar subjects The 
aking fountain in particular forms a most striking exception 
to the great majority of such fountains. The material is Mans- 
fieldstone; the shafta of columns being of red granite, and the 
back of recess of terra-cotta, representing water-plants, ferns, 

&c, in low relief, and from this springs a jet of water. The 

fountain isone of the best designed we have seen, and fully bespeaks 

its purpose. The ornamentation is judiciously confined to the 
upper part, beyond the reach of accident and wear. The ides 
of the jet springing from the water-plants is pleasing and appro- 
priate, and one which might with great eter qe M be applied to 
some of our metropolitan fountains, many of which are so very 
inconsistent in character and choice of materials. The subject is 
moreover engraved in away which leaves nothing to be desired. 

Mr. Murray’s name has for a considerable time been favourably 

known to the public; we do not doubt that this series of plates, 

which we shall hope to notice again when the publication shall 
have advanced further, will add to his already well-earned 
reputation as a skilful and original designer. 
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Considerations respecting the Figure of the Earth in relation to the 
action of Centrifugal Force, and to the attempts to determine the 
Ellipticity of the Globe by Pendulum Experimente. By F. C. 
BakEwELL London: Longman & Co. 

The articles by Mr. Bakewell on “A New Theory of the Figure 

of the Earth,” which appeared in the August and November 
numbers of our Journal, have been published in a separate form 
considerably enlarged. The argument as now presented may be 
thus summed up:—lIn a rotating solid apheroid the centrifugal 
force is completely absorbed by the large mass of matter collected 
at the equator, and the attraction of particles on the surface is 
therefore towards the poles; that assuming the attraction on a 
solid rotating spheroid to be in those directions, it follows, that 
the earth could only have received its present spheroidal shape, by 
the action of centrifugal force, when it was in a fluid state; that 
during the subsequent process of solidification the mass must 
have contracted, and the velocity of rotation have been whereby 
increased, after the formation ob a solid crust prevented the ad- 
jostinent of form to the increased velocity; that under such cir- 
cumstances the equilibrium would be disturbed, and that the 
differance now observed in the attraction of bodies at the equator 
and at the poles is due only to the excess of velocity, above the 
velocity of equilibrium which was established when the mass was 
in a fluid state. From the foregoing premises it is inferred, that 
variations in the vibrations of the pendulum in different latitudes 
indicate only the etfect of the excess of velocity above the rate of 
rotation when iu a fluid state, and that calculations of the figure 
of the earth founded on those variations, or on the estimates of 
the effects of centrifugal force, must be erroneous, because they 
rest on fallacious bases. It would appear, therefore, that the only 
reliable means we possess of estimating the figure of the earth are 
by actual measurements of arca of the meridian. It will be 
observed that the latter position depends on proving that the 
earth must necessarily have been originally in a fluid condition, 
and that proof rests on the arguments adduced to show that the 
attraction of particles on the surface of a solid rotating spheroid 
is towards the poles and not towards the equator. In endea- 
vouring to establish that fundamental part of his theory, Mr. 
Bakewell has adduced several additional arguments and illus- 
trations, but the following is the one on which he seems princi- 
pally to rely:— 

“The admitted fact, that a particle free to move on the surface of a 
solid spheroid at reat would be attracted to the shortest diameter, afforda, 
indeed, a conclusive argument in support of my view, that such particles 
would be drawn there also when the spheroid was in rotation. It being 
admitted, for example, that particles would be drawn to one of the poles 
of a spheroid at rest, it is evident that they wonld remain there until the 
spheroid had attained a velocity of rotation sufficient to overcome the 
polar attraction. Not only so, but they would, if placed on any part of 
the spheroid, be attracted to the poles, notwithstanding the action of cen- 
trifugal force. Thus, then, we perceive that, in accordance with the law 
established by the most eminent mathematicians, water on the surface of 
a solid rotating spheroid would be attracted to the axis until the velocity 
of rotation were sufficiently rapid to counteract the attraction to the poles. 
Is there any evidence to prove that one re olution of the globe in twenty- 
four hours is sufficient to counteract that attraction? Observed facts 
beem, on the contrary, to contradict such a supposition, for we know 
that the attraction of matter increases on proceeding from the equator to 
the poles. I might, indeed, be content to rest my hypothesis on this ad- 
mitted law, that moveable particles on a solid spheroid would be drawn 
towards the axis unless:they were prevented from being so by a sufi- 
ciently counteracting centrifugal force.” 


Gothic Memorials, By W. C. Bnawowrw, Architect. Part I. 
London : 1862. 

This publication contains a series of designs for head-stones, 
crosses, roural monuments, and similar objects, apparently drawn 
by the author, and printed by the anastatic process. They are, 
as the title implies, all of them of Gothic character, and of 
varied and on the whole clever design, and many, especially 
of the mural tablets, are somewhat elaborate. These drawings 
are perhaps more successful than the plamer ones, which 

l err more or less, by a want of that sobriety and simpli- 
city which ought to characterise the design of all small objects 
the destination of which is of so solemn a nature as that of these 
“memorials.” The mouldings, splays, stoppings, &c. too, as 
shown, are put in with a heavy hand, and seem to betoken that 
the anthor fa studied more closely the productions of his con- 
temporaries than the works of the mediæval masters, whose 


, 
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monuments are conspicuous among all their works for delicacy of 
detail and simplicity of conception. 

We do not make these observations with any desire to deny the 
originality and power of design of which these plates afford evidence, 
but because we feel that when, by engraving and publication, an 
artist puts his designs before his professional brethren and the 
world, as things from which they may learn, and which they would 
do well to hake themselves possessed of by purchase, we have a 
right to expect marks of study and care beyond what it seems 
to us have been bestowed on these sketches, and more analagous 
to the trouble their author would no doubt bestow upon works 
actually intended for execution. 


Hints on Ventilation, By Joun Lovan, Architect, Surveyor, 
and Valuator. Maidstone: 1860. 

This pamphlet, the substance of which originally appeared in 
the ‘Dublin Medical Press! shows a practical acquaintance 
with the subject. The author has procured data especially with 
regard to hospital ventilation, which are of considerable interest 
and value; although he has not perhaps arranged them so ayate: 
matically, or made quie as great a use of them as he might have 
done. Still the publication only pretends to contain “hints,” and 
not to be a complete treatise, and as such deserves attention. 
There is a list of works executed by the author appended, which 
it would have been in better taste to have dispersed with. 


or 


The Royal Institute of British Architects—Subjects for Medals 
and Prizes, 1862.—The council will proceed, in January 1863, to 
take into consideration the appropriation of the Royal Medal. 
The Silver Medal of the Institute will be awarded to the author 
of the best essay on either of the following subjects :—{1) The 
application of coloured bricks and terra-cotta to modern architec- 
ture; (2) The application of timber work in England, construc- 
ed and artistically, from the year 1400 to the present time; 
(3) On the stained glass of the twelfth and thirteenth centuries; 
(4) On the use of concrete for vaults and roofing purposes. The 
Silver Medal of tbe Institute, with five guineas, will be awarded 
for the best illustrations, geometrically drawn from actual mea- 
surement (with dimensions figured, both on the drawings showing 
the general arrangements, and on the details), together wit 
descriptive particulars, of an abbey gateway, abridge, or other 
Medieval building in the United Kingdom, hitherto unpublished 
in that manner. The council suggest certain subjects.——Soane 
Medallion: The Soane Medallion will be awarded for the best 
design, well illustrated by a sufficient number of drawings, for— 
A parochial church to contain 1500 persons, and arranged for the 
Protestant worship, without auy detached columns or piers, and 
80 as to leave the sight and view clear and unobstructed through- 
out. The style may be either Italian or Medieval. The success- 
ful competitor, if he go abroad within three years after receiving 
the medallion, will be entitled to the sum of at the end of one 
years’ absence, on sending satisfactory evidence of his progress and 
his studies.——- TAe Prize offered by the President, Mr. Tite, 
M.P., F.R.S.: Ten guineas, will beawarded to the author of the 
best set of architectural drawings, executed in the best manner, 
and in the Italian style of architecture, for public buildings 
adapted to modern wants, eg. churches, town-halls, railway- 
stations, public offices, &c., in England. Sir Francis E. Scotts 
Prize: Ten guineas will be given to the author of the best set 
of drawings fora buiiding of moderate dimensions, devoted to 
civic or domestic porposes, in accordance, throughout, with modern 
requirements, and designed in harmony with the style of archi- 
tecture of the thirteenth or of the fourteenth century. The sub- 
ject of the design for the Students’ Prize in Books for the year 
1862 is “A Drinking-Fountain.” 


Improved Omnibus.—An improvement in these vehicles has 
long been needed, but those constructed to give more comfortable 
sitting room and other conveniences have been of such increased 
size as to prevent their general adoption. Want of room—as 
most of our readers no doubt know by experience—is very often, 
to a great extent, occasioned by the immoveable selfishness of one 
particular rider, who will secure ample sitting room for himself, 
regardless of the comfort of his fellow passengers. And where 
all are equally accommodating, it will be found that, while there 
is a great deal of squeezing and crowding about the shoulder 
region, the room on the seat itself is sufficient. Our attention 
has been called to a very ingenious arrangement recently regis- 
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tered, and which is shown in the accompanying diagram, exhibit- 
ing a plan of the seats by which these inconveniences are obviated. 
It will be seen at once that each person's seat is defined, with- 
out any division being used, while the passengers in sitting, as it 
were, overlap each other, thus securing -perfect freeuom and 
abundance of room to each. Our readers can try the effect of the 
improvement, by placing chairs at first side by side, and then 


Pras or Saars or Oxsisus, 


obliquely against each other. The spaces behind the seats 
are for Minbrellas intolerable nuisances in an omnibus in wet 
weather. The increase of size is only eight inches in the length 
of the omnibus. 


— ib ———— 


CLASSIFIED LIST OF PATENTS SEALED IN MARCH 1862. 


Arrangements are in progress by which increased facilities, in counectiou with the 
management of this Journal, will be afforded to Inventors for securing valid Patents. 


2315 Wrigley, F. —Armour plates for ahips—September 17 


1236 Fonder, J. B.—Improvemente in fire grates of steam boilers—August 27 
2607 Riwan, J. M., Horton, T. R.— Improvement in steam boilera—September 5 
2255 Anthony. J.—Steam boilers—September 10 

2258 McNab, W.— Marine steam boilers — October 14 


2857 Creamer, W. J.—Railway brakes —September 20 

2865 Stableford, W.— Railway wheels —Septeinber 21 

2389 Dully, J. H.—Raitway axle boxes—September 28 

2241 Holland, J. — Railway signais—september T : 

2292 Barnett, F. — Railway aignals—september 14 

2376 Price, J.— Improvements in permanent way—September 23 

2476 Hughes, C. T.—Improvements in permanent way (a com.)—October & 


2463 Dickinson, J. C.—Improvements in steam engines—October $ 

2821 Lee, J.. Taplin, B. D.—Traction Engine—September 17 

2632 Johnson, J. H.—Traction Engine (a com)—October 21 

2548 Newton, W. E.—Improvements in condensers (a com.) —October 1! 
2569 Newton, W. E.—Improvements in condensers (a Rin ab Aes ol 15 
2538 Newton, W. E.—Heating feed water (a com.)—October 10 

2392 Brooman, R. A.—Lubricating steam cylinders (a com.)—September 25 


2589 Merritt, T. E. — Improvement in obtaining motive power—October 17 
80 Clark, W.—Applying steam as a motive prer {a com.)—Jadnuary 10, 1862 
2389 Musgrave, J.—Improvements in the application of steam power—September 25 


2211 Effertz, P.—Brick machines—September 5 

2497 Rquire, W.— Planing and ehaping machines—October 5 

2416 Kimberley, J.—Morticeing machine —-eptember 27 

2405 Robson, G. x.—Apparatus for lifting heavy bodies —September 26 
2669 Chambers, E. —Crushing wachines — October 25 


2820 Statham, J.—Mowing machines—September 17 
m Green, t= Mowing a Decembr 20 

02 Sedges, W. E.—Appáratus rying grain (a com.) - September 16 
2274 Delumore, W, H.—Grain cleaning machinery—Septembd:r 18 
2358 Davidson, J. C. — Grain thrashing machines—Sepiember 20 
3188 Smith, J.—Grinding and thrashing machines—September 20 
3313 Tuxford, W.— Thrashing machinea—September 1 
2279 Brooman, R. A.— Weighing machines (a com.)—Septeinber 13 
2664 Steerens, W.—Steam cultivation— September 13 
2411 Rowsell, S.—Horse r«kes—*eptember 27 
2m Darby, ta CE Horse hoes ee 8 us 
2513 usmead, H.— Apparatus for stacking straw— mber 28 
2520 Davies, G.— Horse shoes - October 9 Te 
2319 Davies, G. — Horse shoe nails—September 17 


2347 Dagron, R. P. P.— Microscope for exhibiting photographic views, &c.—Sept. 19 
2363 Cockey, H., Cockey, C. F.—Manufaciure of gas September 21 í pt 


2238 Maillard, N. D. P. - Manufacture of soda and Septembor 
2240 Morris, G.— Manufacture of 80&p—september d 
2874 Kerr, D. —Mauufscture of soap—November 26 


2229 Kirkman, C. F.—Utilizing sewage products. — September 6 
2441 Boboeuf, P. A. F.—Preparation and «pplication of auti-septic agent - Sept. 30 
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W. A.— Treatment of gutta percha and India robber—November f 
lising product ftom the manufacture of vegetable fibres— 


ptember 20 , 
2481 Lush, J.—Improvement in apparatus for brewing — September 30 


2208 Weare, T. M. R., Monckton, E. H. C.—Electric batteriee—Septamber 14 

2997 Wild, H. —Magnetic Electric Telegrapbs—November 28 

9429 Theiler, M.—Improvements in electric telegraphs—September 38 

$510 Brooman, R. A.— Improvements in fixing telegraph wires (a com.) September 16 
2308 Reeves, J.—Electro magnetic enginee—september 16 


2542 Collingwood, T. B.—Spinniug Maehines—October 11 

2402 O w, J.—Spinning Machines—September 36 

2291 King, J.—~pi Machines—September 14 

2808 Dobson, B.—Spi g Machines — November 8 

2486 Tweedale, J.—spinning Machines—October 4 

2281 Brown, J.— Weaving Machines September 6 

2287 Ainsworth, W.—Weaving Machines—September T 

2231 Suckow, E., Habel, E.— vachines for cleaning cotton— September 19. 

2884 ee J.—Improvement in preparing cotton .and other fibrous substances— 


October 4 
2475 Kooris, P.—Improvement in preparing cotton and other fibrous enbstances— 
r 


9245 Malcolm, G.—Improvements in preparing jute, &c. &c. - September 9 

2371 Plantrou, H.— Cleaning wool ber 33 

2884 Fawcett, J.— Cleaning woollen clothe—September 24 

2353 Brooman, R, A.—Improvements in use of coloured and other threads (a com)}— 
september 9 

£215 Dubrule, P.—Improvements in weaving ornamented stuffs--8e ber 13 

3360 Tongue, W.—Improvements in bobbin net fabrics—December 31 

2369 Clay, W. W.—Knitting Machines—~eptember 12 

$185 Dixon, G.—Manufacture of Upholsterers’ trimmings—September 14 

2390 Bright, 1.—Printing yarns for carpeta—September 25 


2225 Spence, W.—Pulping Apparatus ‘a com.)—feptember 6 
9328 Partington, E.—3Aaaufactare of Paper—September 18 


1106 McConnell, M.—Improvements in locks—September & 
9294 Green, A.—Vice boxes—September 14 

2248 O'Neill, P. B. - screw spanners—September 9 

$197 Redfern, J. — Warming Apparatus—December 20 
2391 Purnell, H.— Warming Appsratue—September 25 
3316 Barnett, F.—Improvements in lamps—September 17 
2398 Russell, G.—Camp bedsteads—September 25 

2273 Farlar, W.—Saah tastenings—September 18 

1332 Surman, J.—Hanging window sashes—September 18 


2235 Minenger, T. G. —Glasing large roofe—September 6 

2916 Smith, R.—Improvements in constructing roofs—September 18 

2115 Johnson, J. H.— Manufacture of picture frames (a com.) - October 29 
2280 Murray, T. L. - Mica letters (a com.;—September 13 

$356 Burnand, J.—Knife handles— September 28 

2362 Board, C.— Veneering preases—September 21 

9845 Hawksworth, 8.— Floor cloth—September 19 

2740 Maling, E. A.—Wardean cases—November 1 


1209 Ri J. E. — Improvements in funera: carriagee—September 5 
2272 Daris, Woa pparatus preventing accidents to vehicles from affrighted horses— 
ptember 18 


2417 McCallum, D.— Bottle Aling inachino— September 27 

2400 Bentley, T.—Apparatus for i eptember 26 

2300 Horsley, 8., Jones, E. H.,—thoe cleaning machine—September 16 
2449 Hogg, W. S. —Fireproofing building materials—October 1 


2333 Condroy, L. G. A.— Washing Machines —September 19 
2511 Bremner, 8.— Printing Machines—October 8 
2257 Smith, J.—Sewing Machines—September 10 


2422 Knight, J. A.—Pumping Engines - September 28 

2842 Wilson, J. H.—Improvement in pumps—september 19 

2944 Graham, J.—Improvewent in pumps—>eptember 19 

2841 Tongue, W. T.— Water and fire engines—September 19 

2426 Lane, D.—gas and water taps - September 28 

2365 Greares, C.— Water taps and service—September 12 

2312 Ransome, F. M., and me, E. L.— Filters—September 16 

$828 White, G.— Filters (a com.:—September 18 

2282 Sutton, C.— Indicator showing position of sunken vessels —Reptember 18 
2840 Clark, W.—Improvementa in machinery for, manufacture of fishing peta—Sept. 19 
2808 Stewart, W.—Life preservers—september 16 


2289 Wheatstone, W.—Vibrators for musical instruments September 14 


2440 Walton, F., Beard R.—Manufacture of varnish for fabrics, &c,—September 80 
2208 Edkins, C.—Ladlee' dress suspenders - September 5 : 

2145 Myers M. and Myers M.—Ladies’ dress suspenders—November 1 

2548 Carrington, 8. E. —Hats and caps— October 12 

2368 Desborough, S. —Pina for hair, dress, and jewellery—September 21 

8262 Tongue, W.—Umbrellas and parasols—December 31 

2466 Warwick, T.— Umbrellas and Parasols—October $ 


2249 Fryer, A.—Improvemente in propellers—September 9 

2448 ue W. H.—apparatus for preventing the loss of ships’ moorings (a com.) 
ber 1 

2246 Simons, W.—Improvements in ship building—September 9 

9304 Meriton, T.—Steering apparatus—xeptember 16 

3252 Dormay, J. P.—Sailing or rowiug boats—December 30 

9881 Gladstone, G. J.— Apparatus for disengaging boata -September 24 

2359 Wymer, F. W.—Apparatus for sounding the holds of ships—september 20 


2880 Sedley, A. J.—Improvement in construction of Bridges and Viadncte—Sept. 24 
2218 Bennett, F.—Tinning interior of lead pipes —septeinber 5 


2877 Jacob, J.—Manufacture of iron aud steel (com.)—Sey ber 23 
3298 Newton, W. K.—Manufacture of iron and steel—February 4, 1862 
132 Newton, T.- Improvements in sights for rifies—January 18, 1862 
24 Nugent, E.—Improvement in fire-arms—January 3, 1862 
2260 Th W,L.—Improvement in projectiies—September 11 

2882 Davey, T.—Safety fuses—September 24 


eS ee 
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THE INTERNATIONAL EXHIBITION, 1862. 


BrronE the present number of our Journal is in the hands of 
many of our readers, the Second exhibition in this country of 
the industry and products of all nations will have been opened, 
Writing, necessarily, a few days before that event, and when 
thousands of workmen are busily occupied in unpacking goods, 
in fitting-up and decorating courts and cases, and in erecting and 
completing “trophies” in all parts of the building, it is impos- 
sible to form a correct idea of what the effect will $e when they 
have finished their labours, and the packing-boxes and rabbish 
have been cleared away; and it would be in vain to attempt to 
consider, under such circumstances, the merits of even the most 
ponani objecta that will form attractive features of tbe Exhi- 

ition. Of the external appearance of the structure we have 
already expressed no favourable opinion, and since the removal 
of the olding from the interior of the domes, the multiplicity 
of ribs eeen in transparency add to the confusion and apparent 
irregularity which was previously too conspicuous in its duode- 
cimal shape. The interior contrasts strongly with that of the 
Crystal Palace of 1851. On looking along the nave, from under 
the eastern dome, the length seems so much shorter that the 
first impression is, that the building must be much less, the 
large area that it really occupies being so divided that it is only 
after traversing its various compartments that the visitor be- 
comes aware of ita vast extent. The covered roof of the nave, 
with its gaily decorated ceiling, the gilded columns and gallery 
railings, aud the painted windows at each end, present a far 
more highly-finished appearance than the ridged-glass covering 
and pie colouring of the former building; but we miss the 

ial lightness that gave a fairy-like character to that structure. 

The injudicious manner in which the nave is crowded with 
what are called “trophies” tends to make it look shorter than it 
ig, and cannot fail to impair the general effect. Some of these 
so-called trophies are far from ornamental. One of the most 
conspicuous 1s a large globular red danger-signal mounted on the 
top of a red mast; and other obstructions, almost more objection- 
able, consist of glass cases piled on the top of one another, and 
filled with samples of manufactured fancy articles. These should 
not have been allowed to obstruct the view and stop the way; 
and some of them will no doubt be cleared away before all the 
arrangements for tbe opening are completed. 

The following will convey an idea how the general masses of 
the material exhibited have been arranged in the building,— 
beginning with the Western Annexe, tbat runs along Prince 
Al s-road, the greater portion has been appropriated to 
machinery in motion and at rest, the work of British manufac- 
turers. Austria, Italy, Belgium, France, America (with a small 
comparative amount), Prussia, and the Zollverein States, have 
each a share at the north end of this, France taking the extreme 
eastern side of the northern third, Austria a square plot abut- 
ting upon this on the southern end of the central space. Several 
foreign countries hold place together at the north end of Austria's 
share, and fill up the central division of the foreign machinery 
section towards the north. Belgium, well represented by many 
things worthy of an engineer's consideration, lies in a long strip 

el to this; tbe Zollverein holding a similar strip at the 
weatern side of the Eastern Annexe. The Eastern Annexe has 
an open court in its centre. On the west side of this court lies 
Class 9—agricultural implementa; on the west will bé found 
machinery; at tbe north end, Class 4, animal and vegetable 
Substances; to the north of this, Classes 2 and 3,food. An 
open court containing articles of Class 1, a large section de- 
voted to mining implements and products, lies on the east of 
this, from whence we pass under the wooden-bridge, which 
ves access (the only access on this side) to the Horticultural 
Society's Garden. Claas lreappears on the south end of this 
Western Annexe. 

The North-esst Transept contains chiefly colonial producta 
from Canada; some fine timber and wonderful grain. New 
Brunswick and Prince Edward's Island come next; with New- 
foundland, followed by Ceylon; going south, Malta, Dominica, 
Jamaica, Trinidad. On the opposite side lie Nova Scotia, 

Tasmania, South Australia, New South Wales, and Queensland. 
Guiana and the last but one bring us upon the dome at the eaat 
end of the entire building, and fill up the whole North-eastern 
Transept. The South-east Transept, articles of Clasa 10, at its 
north-eastern angle, continued down the same side with the 
production of the Skidmore Art Company, Messrs, Hardman, 
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Mesars. Hart and Son, Messrs. Naylor, Vickars & Co., as before 
referred to. The United States’ department is isolated under 
the south-east tower, at the eastern end of the enormous pin i 
department. The carriage department extends from this south- 
east or United Stated’ a ent, to the central tower or main 
south entrance to the building from the Cromwell-road. On the 
western side of the lower floor, under the picture galleries 
alloted to the foreign schools (as the carriage apartment lies 
under the English galleries), lies a huge space given to France; 
and more still to tbe west, a larger space ap TODA to the 
Zollverein. This brings us to the west d. of the building, 
under the south-west tower. 

The Hanse Towns and Zollverein hold the western side of the 
south-weetern transept. Austria mainly fills the north-western 
transept, her space beneath tbe dome holding some pieces of 
sculpture, and a large collection of walking-sticks and umbrellas 
from Vienna. In this locality will be found an elaborately carved 
oak pulpit from Louvain, the ancient seat of such work, and other 
ecclesiastical furniture. Passing under the western dome to the 
north aide of the nave, the glazed courte, roofed like those at the 
former Exhibition, are occupied by Belgium, Switzerland, Den- 
mark, Sweden, and Norway, which with Russia, Turkey, Brazil, 
and Greece, bring us to the central transept again, as it is called, 
from facing with a wider than usual opening the great southern 
entrance of the building, and that which gives access to the 
Horticultural Gardens. Here lie the Ionian Islands, with China 
and Japan; more to the eastward two vast glazed courts contain 
an enormous collection of furniture, which brings us again to the 
space allotted to the British Colonies, abutting on the eastern 
dome. The south-eastern quarter of the edifice, opposite to the 
furniture bazaar, is appropriated to Class 10, civil engineering; 
Class 11, mili engineering; next this comes Class 12, Sheffield 
goods; furs and leather, haniwars and processes of manufacture 

ie to the west, with pottery, precious metals, close upon the 
central transept; with glass and naval architecture close to military 
engineering on the other side. On the western side of the central 
transept, south of the nave, France claimed and received an 
immense allotment three weeks before any other country moved 
into the building. This is to be fitted up elaborately, if not beau- 
tifuly, at an enormous cost: and like the share of the nave 
iven to the same country is anything but complete. Rome, Italy, 
ortugal, and Spain hold sections in this quarter. 

We have thus generally surveyed the entire arrangement of the 
structure on the ground floor so as to give an idea of the dis- 
position of its contents. From official sources we will now 
append the following summary. Eight thousand persons 
applied for space for exhibition of industrial producta, the t- 
eat number in connection with iron and general hardware. Those 
insteeland cutlery were fewer. Glass and pottery very sparse. 
Agricultural implements came forward boldly with 289 applica- 
tions, of ‘which 160 only were accepted. ree hundred and 
Sixty exhibitors contributed in mining and metallurgic matters. 
Five thousand five hundred exhibitors of British industrial cha- 
racter have been chosen to occupy about 386,700 square feet of 
Dx le space, horizontal including passages. Of these the 
following approximate estimates may interest our readers. In 
raw materials, mining quarrying, metallurgy and mineral pro- 
ducts, 260 exhibitors occupy 8400 square feet. Chemical 
substances, 202 exbibitors, take 5100 square feet. Substances 
used as food, including wines, 163 exhibitore-—4500 square feet. 
Animal and vegetable substances used in manufactures, 247 
exhibitors hold 7500 square feet. In the machinery sections, 
the exhibitors hold 113,532 square feet, which is divided between 
83 exhibitors of railway plant, including locomotive engines and 
carriages, 83 exhibitors. Carriages, not connected with rail or 
tram roads, 1116. Manufacturing machines and tools, 241. 
Machinery in general, 242. Agricultural and horticultural ma- 
chines and implements, 150 exhibitors, 33,800 feet space. Civil 
engineering, architectural and building contrivances, 164 exbibi- 
tors, 13,962 square feet. Military engineering, armour, accoutre- 
ments, ordnance and small arms, 130 exhibitors, and naval 
architecture, ships’ tackle, 180 exhibitors, hold 12,610 feet space. 
Philosophical instruments and processes dependent on their use, 
149 exhibitors, 7625 feet. Photography and apparatus, 165 
exhibitors, 2966 feet space. Horological instruments, 130 ex- 
hibitors bold 2700 feet. Musical instruments, by 91 exhibitors, 
fill 5870 feet. Surgical instruments 134 exhibitors, 2475 feet 
apace. Of section 3, Manufactures,—cotton has 4684 feet. 
emp and flax, 6483. Silk and velvet, 4722. Woollen and 
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worsted, 21,093. Carpeta, —vertical space filled by 44 exhibitors. 
Woven, spun, felted, and laid products, shown as specimens of 
rinting and dyeing, 3546. Skins, feathers, and hair, 1318. 
Leather, including saddlery and harness, 4583. Articles of cloth- 
ing, 7402. Paper, stationery. printing, and book-binding, 6250. 
ucational works and appliances, 4344. Furniture and up- 
holstery, including paper hangings and papier maché, iron and 
general hardware, 25,272. Steel and cutlery, 13,316. Works in 
precious metals and their imitations, and jewellery, 7968. Glass, 
1M Pottery, 6475. Manufactures not included in the above, 

In the Western Annexe, appropriated to machinery in motion, 
it will be some time before the machines can be set in action. In 
the boiler-house, which is & short distance from the building, 
there are six large boilers for the supply of steam, and three 
steam-pipes twelve inches in diameter have been laid from one 
end to the other in trenches under the floor, with aovompanyin; 
exhaust pipes for carrying away the waste steam. The steam wil 
supply engines in various parts of the annexe; and shafts have 
been erected from which power will be taken to supply the work- 
ing machinery, of which there will be a much larger quantity 
than in 1851. The greater portion of the heavy machinery is 
ef course of English manufacture, though there are some huge 
masses contributed by foreign exhibitors, among which may 
be mentioned a pumping-engine that ocoupies a large apace. 
Among the conspicuous objects in this department are locomotive 
bu. Quer of various sizes, many of which are beautifully finished, 
and exhibit the most recent improvements as applied to railways 
of different gauges and for different countries. Mr. Ramsbottom's 
invention for watering tanks while at full speed will be shown in 
action in & model on a railway 80 feet long; and a full-sized 
engine, with the new contrivance applied, is placed near the 
model. Marine engines, by Maudslay, Penn, Tennant, and other 
eminent makers, show the perfection to which that branch of 
mechanism has been brought. A trunk engine of 600-horse 
power is among the contributions by Mr. Penn. Examples of 
m construction and railway appliances are shown in innu- 
merable quantities; and amon the curiosities connected with 
this department may be named a railway waggon, which was 
constructed and finished in twelve hours from the raw materials 
of wood, iron, tin, lead, &c., specimens of which are placed beside it. 

Cotton machinery is amply represented, Messrs. Platt alone 
oceupying 6000 square feet of space, with machinery illustrating 
all the processes of manufacture. Messrs. Harrison of Black- 
burn, and Mr. Hodgson of Bradford, exhibit weaving machines 
for cotton and al , and several looms for silks and lace will also 
bein operation. Messrs. Gwynn have sent a centrifugal pump that 
is to raise a volume of water to a height of 25 feet, which will 
fall in a cascade 10 feet wide and 6 inches thick. On this occa- 
sion, o far as we perceive, they will be unrivalled in their hydraulic 
display by centrifugal action; Mr. Appold having been satisfied 
with the laurels he gained in 1851. There are, however, other 
kinds of pumps that ave much larger and more powerful, one of 
which is of French construction. A quartz crushing-machine 
will be exhibited, a ship load of auriferous quartz having been 
sent from Australia to feed it. Specimens of Mr. Condie's 
improved steam hammer are also placed among the machinery 
in action. This department, when finished, will be far more com- 
plete than the similar one in the former Exhibition; the total 
space occupied by the machinery classes, being apwards of 110,000 
square feet. 

The south end of the east transept is occupied by “trophies " 
of manufactures in iron and steel, among which, steel made by 
Mr. Bessemer’s process figures conspicuously. In his collection 
there is a crank-shaft of a 50-horse engine in one piece, with pis- 
ton rods for engines of from 50 to $50 horse-power. A circular 
saw made from one disk of steel upwards of 7 feet in diameter, 
and specimens of steel ordnance, and of steel railway bars, con- 
tribute to the formation of the trophy illustrative of the resulta 
of the new processof making steel. 

Mesars. Hardman and Co. occupy a court on the eastern side 
of the buildiog with numerous admirable examples of the eccle- 
siastical, domestic, and decorative arts, from the 12th to the 
15th centuries, comprising sculpture in alabaster and stone, 
enamels, chalices, flagons, Eo, in gold and silver, with monumen- 
tal brasses and memorial tablets. In the east transept there 
is the cast-iron rood screen for Hereford Cathedral, manufactured 
wea Skidmore Art Company, of Coventry, from a design by 
r. G. G. Scott, A trophy of Mediæval iron and brass work, to 
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which Messrs, Hart and Sons, Mesars. Benham and Sons, and 
Messrs. Fulham and Co. contributed, is placed in the same por- 
tion of the building. 

Birmingham has a large and handsome court appropriated to ita 
manufactures, midway between the central avenue and the 
eastern transept; and Sheffield has a separate court nearly ad- 
joining, for the exhibition of steel goods and cutlery of all descrip- 
tions, from steelgrates and railway springs to scalping knives, 
Messrs, Naylor and Vickars of that town have a “trophy” of 
a peal of cast-ateel bells, the largest of which weighs six tens. 

In the Eastern Annexe, which is devoted principally to mining 
and minerale, chemistry, articles of food, and raw materials, 
there are placed many objects that have no direct bearing on 
those classes, among which is & monster double crank, made at 
a aingleforging at the Mersey Steel works, weighing upwards of 
24tons. In this department are placed numerous specimens of 
railway iron, one of which is 117 feet long, made without joint 
or welding, at a single rolling. Immense armour plates for ships, 
sheets of wrought-iron, and specimens of manufactured iron 
showing the excellence of the quality that can now be produ 
from English iron ore, have been contributed by the Blaenarvon 
and Butterley Companies, by Lord Dudley and others. 

Messrs. Schneider of Ulverstone, display a very large and 
highly-finished model of their iron works, to illustrate recent im- 
improvements in the blast furnace; and models to exhibit the beat 
methoda of ventilating coal mines, and of the most approved work- 
ing appliances in collieries, have beek sent by the Northumberland 
and Durham Coal Trade Association. These models are accum- 
panied by specimensof the mineral productaof each district. Many 
of the owners of collieries have sent specimens of coal, and some of 
the single blocks weigh as much as three tons. Specimens of 
Mineral producta have been forwarded from various parta of the 
kingdom, from our colonies, and from foreign countries, which 
when arranged wil form an interesting feature of the Exhibi- 
tion. Belgium has set a good example, the numerous specimens 
from that metalliferous region having been all classified according 
to their CE oix positions, Among tbe mineral producta 'of 
England and Wales are specimens of *auriferous quartz" from 
Merionethshire, and of “auriferous gossan” from Devonshire. 
Western Australia sends abundance of auriferous quartz, and of 
copper, iron, and lead ores; and from the Zollverein a trophy 
consisting of a block of red granite, carved and polished, weigh- 
tng) tons, has been contributed. — - 

he class of military engineering and ordnance occupies a very 
ponen position com with the corresponding class in the 
hibition of 1851; and it is & curious fact that the contrivances 
for destroying life have made greater progress since that fancied 
inauguration of perpetual and universal peace than any of the arte 
forimprovingthecondition of mankind. SirWilliam Armetrongand 
Mr.Whitworth have made more rapid advances in the construction 
of engines of war than in the improvement of er id of any other 
kind; and whilst they have succeeded in propelling massive bolts 
of destruction to distances of four and five miles with compara- 
tively small charges of powder, the attention of other engineers 
has been directed to the construction of armour that would 
resist the concentrated momentum of such missiles, There is 
accordingly an immense “trophy? representing the construction 
of an Armstrong gun, from the formation of the coils to the 
finished ordnance: a court is appropriated to the exhibition of 
weapons of all kinds, including a gun that will propel a bolt of 
600 lbs.; and in the front of this court there are to be placed two 
of the large guns of the rival military engineers—Armstrong and 
Whitworth. Specimens of the armour-plates made to withstand 
the effecta of such powerful ordnance, and a complete model of 
the Warrior in section, are also exhibited. 

The present perfection in the manufacture of philosophical 
instruments, vr the most recent applications of scientitic prin- 
ciples, are well represented. There are electric telegraphs of 
every form, including those that transmit audible messages and 
those that transmit copies of the original writing. Electric 
clocks, air-pumps on a large scale, micrometer gauges for shot 
and shell, a self-adjusting electric lamp, binocular microscopes 
of improved construction, lighthouse lenses, and, in short, philo- 
sophical instruments of every kind ; most of the eminent English 
makers having contributed to make the Exhibition in their de- 
partment as complete as possible. 

Mr D. K. Clark, C.E., has had charge of Classes 5, 7, 8, 10, 
which represent railway plant, locomotive engines and carriages, 
manufacturing machines and tools, machinery in general; and 
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dvil engineering, architectural and building contrivances, A 
single line of railway runs from end to end on each side of the 
western annexe, where most of these articles are accommodated, 
as before stated. Six double-fiue boilers, 30 feet long by 64 feet 
diameter, are built in the north end, communicating by a chim- 
ney 75 feet high. The driving shafting, which is 2000 feet in 
extent, 24 inches in diameter, has been raised above the floor, 
and 2000 feet of steam-pipes sunk in a pipe culvert in the floor, 
graduated from 15 to 8 inches diameter, lying side by side with 
the same quantity of exhaust pipe, 18 inches in diameter. Two 
travelling eteam-cranes, lifting 5 tons each, unloaded the heavy 
goods in this department; steam-power is supplied equal to that 
of four or five hundred horses. Here are the pumps to work the 
get fountains, placed in the Horticultural Gardens by the 

ch; and a travelling crane to lift 24 tons, in two twelves. 

The French send the largest steam-engines, of 60 horse-power 
each. Pile carpet, and worsted looms, new steam-hammers, and 
a “radial” hammer, by Messrs. Neilson, of Glasgow; and Mesars, 
Penn's engines (parts) for the Achilles, sister to the Warrior, 
with a 17 ton crank shaft, and many traction engines for common 
roads, are here. The actual processes of needle-making, medal- 
striking, gold chain-making, type-casting, type-printing by hand, 
lithographic-pressing, cupper-plate printing, a potters wheel, 
brick and drain tile-making, and wood-carving, are to be carried 
on before the public by illustrative process. Models of the 
Boyne viaduct, the tash viaduct, and Rennie’s docks at 
Saltash, are to be found in this department. Agricultural im- 
plements are in the Eastern Annexe, and form a collection more 
probably than any others illustrating the material improvement 
of the Empire. Near this will be seen the straw thatch weaving- 
machine, for working straw into a portable covering. In the 
section of military engineering and manufactures will be found 
the Armstrong and Whitworth guns, 100-pounders; Blakely 
500-pounder, and the Mersey Steel Company's 600-pounder. 
There is a trophy of great guns, made by Mr. Anderson, for the 
Royal Carriage Department, being a development of the Arm- 
strong process of manufacture of great guns, with a microscopic 
lens mien en 

Here is Col. S. Adair's model of London, with its projected 
lines of defence, and the modelof Fort Pitt, by Col. Harnes, 
with Capt. Ducane’s details of the same. A series of models 
illustrating the progress of naval architecture, from Henry 
the Eighth's times to the present, comes from the Admiralty, 
from the Great Harry to the Warrior, which is placed in the 
nave, and a second model of the same. Here is also modelled 
the Queen and the Northumberland, displaying what may be 
looked for on the seas, by way of excelling the Warrior herself, a 
work now in hand. Here are also all the improved’ steerin 
machines for the use of these vast ships; models, and one aot 
life-boat; beacons; the American system of boat-building by 
machinery, by which a boat comes out of a log of timber in a 
few hours. Models of submarine steam vessels, gun-boats and 
floating batteries, penetrable and impenetrable. Amongst philo- 
sophical instruments, Mr. Caselli’s pentagraph, for transmitting 
autographic messages; numerous aid valuable electrical applica- 
tions are seen, as well as microscopes, balances for assayists, 
magnificent series of photographic views of the recent solar 
eclipse as seen in Spain; telescopes, light-house lanterns, magneto- 
metrical improvements. The photographic section is of great 
interest, amongst which will be admired M. Joubert’s process 
for burning in art-designs and other works in ceramic materials, 
or glass, by which perfect reproduction of originals may be 
obtained on imperishable armada, or transparent 5 In some 
cases these are united with colour. Mr. Fox Talbots photogra- 
pe engraving ; Sir. H. James's photo-zincography ; photo- 
ithography, by Mr. Field; and Mr. Powney’s carbon printing, 
which produces protographs as permanent as engravings. Full 
length portraits enla. to the size of life will startle the specta- 
tors; and Messrs. Thompeon's and Caldesi’s ificent series 
from Raphael's cartoons will find admirershere. Horology is rich 
with electro-magnetic clocks and mercurial time-pieces, steam 
and speed clocks, geographical clocks showing the time for any 
part of the world, an astronomical clock impelled by gravitation, 
requiring no oi] to the escapement, magnificent watches, and 
new compensation balances, 

Paper manufactures of various kinds, showing immense im- 
provements and novel applications, as for water pipes, &c., 
come next, with the Bank of England utions against forgery 
of its notes, and the Great Beal of England, by Mr. Wyon. 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL, 


127 


Printing and type founding, nature-printing, by Messrs. Bradbury 
and Evans; the new art of auto-typography, invented by Mr. 
George Wallis, by which drawings can be engraved in a few 
seconds on a me late, for printing from. an ordinary press. 
The Electro-Block oua process for enlarging or reducing 
the size of drawings. Various improvements in chromo-litho- 
er hy, and steam printing, and wood blocks, and wonderful 

indings, come here. In the Music Court dn historical series of 
instruments, from an oak piano of the time Charles I. a self- 
blowing harmonium worked by clockwork, and.a double bass for 
producing, by ingenious apparatus, enharmonic scales of harmo- 
nica; an oblique piano, with a new action; metal bag-pipes 
suitable for tropical climates; a new music time-keeper, an 
omnitonic flute, adjustable to any key, and a novel machine, 
called the Orchestrion, or self-acting organ, “which fairly 
imitates the melody of a full orchesta,” will be found in the 
centre of this department. We need do no more than name 
a magnificent selection of surgical instruments, or a perfect world 
of textile fabrics in silk, from pocket-handkerchiefs by Keymer of 
Dartford, to huge tapestries and carpeta from Huddersfield and 
Kidderminster. This general division only comes short in cotton 
manufactures , and calico printing. The educational section 
is not so perfect as was hosed for at starting, but still of 
the most remarkable interest. Considerations of space have 
intervened. 

The Medieval Court, which has been under the excellent 
hands of Messrs. Burges and Slater, shows a reredos by Mr. 
Street, executed by Mr. Earp, and a part of that for Waltham 
Abbey, with the cartoons of the rest; a cast of the sculpture of 
the Bedminster reredos; Mr. Redfern'a casta from his sculptures 
of the Ascension; the Digby mortuary chapel at Sherborne, the 
Westrupp monument in Limerick Cathedral and many fonts, 
particularly the Renaissance font at Witley, carved by Mr. For- 
syth; a cast from Dr. Mill's monument sud. effigy at Ely, by Mr. 

. G. Scott, Mr. Nichol sends an effigy under a high tomb, the 
latter to Lord Cawdor, and one of the circular panels, with a cut 
subject, for the Lichfield pavement. The new stalls for Chiches- 
ter Cathedral, a rich bureau, and a decorated organ, are in wood. 
In metal is aricb font cover. The frontal for St. Paul's, to be 
presented by the Eoclesiological Society, designed according to: 
the Cologne method, and the new Peterborough frontal, are 
embroideries. Some beautifully designed furniture, by Mesars 
Morris, Marshall and Faulkener, of Red Lion-aquare; with 
paintings by Mr. D. Rossetti, show happy niox of handicraft, 
antiquarian knowledge, and art of the best kind. The gold- 
smiths work both here and in the nave is admirable. The 
ceramic collection is mainly supported by the works of Mesars, 
Marochetti, Foley, Durham, Marshall, and Gibson, sculptors. 
There is a auperb china trophy in the nave, and in the proper 
court we find magnificent Della Robbia friezes, encaustic tiles, 
and Palliesy ware. The stained glass gallery, which is approxi- 
mated to that for the pictures, contains many very fine works of 
art, and some very bad ones, especially the transparencies or 
mere pictures on glass, which is but a misapplication of labour, 
showing perfect ignorance of the nature of art. Amongst the 
hardware, the Hereford screen has got placed in consideratiou 
for display. In the nave are the (really almost perfect of their 
kind) wrought-iron park ar manufactured by Mesars, Ber- 
nard Bishop and Co., of Norwich. The Birmingham Court is 
in superb strength; those of Sheffield, Wolverhampton, and 
Rotherham are almost equally fine. 

To speak of the foreign division of the buildiug is to speak of 
that which does not exist in any other state than chaos At 

resent it will be better to say nothing, than to lead our readers 
into a wilderness of packing-cases and sea of shavingw. 

From the English or eastern dome a view may be obtained of 
the whole length of the nave, to such an extent at least as the 
trophies will permit. About this spot the t masses of Eng- 
lish work are grouped. Let us consider which are moet remark- 
able in the objects before us, standing with our backa to the 
temporary orchestra, to which a day's existence only is given, 
and by Minton's beautiful majolica fountain, which stands on 
the centre of the raised platform under this dome. To the right 
and left are trophies of furniture, modern and medisval, on each 
hand, behind which appears, on the right a drinking fountain, 
designed by Mr. Earp, and very elaborately carved in the Gothic 
croes form, enriched with coloured marble shafta, and studs of 
spar of dark tint. Opposed to this is à granite obelisk, twenty- 
five feet high, monolithic, on a base of the same, Bevington’s 
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leather trophy, a somewhat inartistio production, stands behind 
the fountains, while behind the obelisk comes the Bradford 
woollen opiy; a mere show-case of bad design. Between these 
is the model of the * Warrior, before referred to. Behind is the 
Birmingham small arms trophy, pretty enough, but not very 
good; on one side thereof, the Whitworth gun, on the other the 
Armstrong gun, admirable specimens of manufacture. Nicho- 
lays fur trophy. The Hull organ, by Messrs. Forster and 
Andrews, comes next, with its 46 registers, 2475 pipes, 6 com 
sition pedals, 6 sforzendo pedals, and one pheumatic combination 
prdal. The pneumatic power is applied to the great and pedal 
organ, and there are four different pressures of wind. The 
bellows is blown by two of Jay's hydraulic engines, having a 
water pressure of 35 lbs to the square inch. These are su ed 
by a four horse-drag; Walkers organ; the beautiful Norwich 
gates, of wrought-iron; food trophies, animal and vegetable sub- 
stances of the same; philosophical instruments; Chance's first- 
class revolving light; dressing cases; Copeland’s china trophy, 
and splendid telescope; Messrs. Kerr and Binn’s china; the 
second granite obelisk; Cremer’s toys; Elkington's plate; H. 
Emmanuel’s plate and jewellery; and Hunt and Roskell'a plate, 
succeed each other to fill up the English end of the nave. In 
the foreign side there is little to be seen, except a magnificent 
sheet of glass, some very ugly ironwork in the form of park- 
gates, and some magnificent sculpture, particularly a Norwegian 
group, styled the Duel, represented according to the ancient 

ndinavian custom of buckling duellists together round the 
waist, arming them with knives, and setting them naked to 
destroy each other, or one only, as happened. On the stéps 
leading up to the western dome is some fine sculpture, the work 
of Prussian artists. 

The south-eastern transept, from the dome, contains, firstly, 
the gas chandelier work of Mr. Forester, next Skidmore’s corona 
for gas, the Hereford screen, by the same; Mesars. Naylor and 
Vickar's pretty and very artistically coloured trophy of bells of 
cast steel, the London hardware trophy, Bessemer's steel, Warner’s 
bells, Dent’s clock, and a mass of work from Coalbrookdale, fills 
up this end of the transept, abutting on to the United States’ 

lotment, which seems to contain a few agricultural implements 
and apple-slicers only. 

In every department it is evident that there will be a 
much more complete display of the industry and products of all 
nations, with the exception of the American States, than in the 
Exhibition of 1851, and that no efforts and no expense have been 
spared by the exhibitors to illustrate the improvements that hava 
been made in their respective branches of industry during the 
last eleven years, 


—————— —— 


THE ARCHITECTURAL TREATMENT OF ENGINEER- 
ING WORKS, 


NorHiNG more strongly marks the present age than the 
universal application of the “division of labour" to both head 
&nd hand work, and to this rather than to any real diversity of 
calling do we owe the subdivision of scientific building into 
two distinctly recognised professions, those of civil architecture 
and civil engineering. Without attempting too nicely to define 
the exact nature of either of these two branches of art, we may 
take it as admitted, that buildings which are to serve as works 
of art, and in which beauty forms the prominent characteristic, 
are among the undoubted objects of architecture; while works 
which are to serve purely material ends—and can from their very 
nature afford no opi for artistic design—are equally the un- 
challenged property of the engineer. Thus, no one would dream of 
calling the New Palace of Westminster or York Minster works of 
engineering, orof considering the Main Drainage Works, or Ply- 
mouth Breakwater, as pieces of architecture. 

Midway between most extremes lies a debatable ground, 
and betweeu the extreme instances which we have cited a vast 
number of works might be pointed out which from their utilita- 
rian character, or their structural peculiarities, might be claimed 
as engineering works, while on the other hand their capacity for 
artistic treatment gives them a claim to be considered as among 
the legitimate objects of architecture. Asa rule it may be con- 
sid that where the objects forming this uncertain class are 
of the nature of buildings, with roofs and walla, they have with 
some exceptions remained matters which it has been customary 
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for an architect to superintend; while if they have been of a 
different nature, such as for instance viaducts or aqueduct, 
they have been considered as coming within the province of 
engineering. . 

Now it often happens that engineering works, and especially. 
bridges, retaining walls, aqueducta, and other worka of masonry, 
are erected in situations where they become very prominent 
features in the as of great cities or of striking scenery, and 
that there isa sufficient in of funds to allow of their receiving 
some decorative treatment, if it be thought right to add it; and it 
occasionally occurs that the success of such objecta aa works of art 
is of as much importance to their promoters as their suitability to 
perform the material duty required of them; and this being so, 
)t becomes very important that the engineer, when such works 
are placed under his care, should be prepared to treat them with 
the good taste of an artist, as well as the skill of an artisan, and 
the science of a mathematician. This taste is not so invariably 
displayed as to lead us to think that little more constant and 
careful direction of attention to the architectural treatment of 
engineering work is entirely uncalled for. 

Architecture—as a fine art—consists mainly in such decoration 
of scientific conatruction as shall at least make it satisfactory, 
and, where carried far enough, render it beautiful to the eye; by 
decoration being here meant, not merely the addition of orna- 
ments, but any treatment calculated to produce the desired effect 
on the eye. Sometimes the simplest means will suffice to produce 
beauty, at other times the most elaborate are brought into play, 
but they ought never to overstep the limit just assigned to them, 
that of being an amplification of good construction. 

i familiar illustration will show what : oe meant, and for 
this purpose, perhaps, the case of a simple column in a portico 
will be as good a tay other. So far a carrying superposed 
weight goes, square poste of stone with an architrave over 
them, well bedded and truly set, will perform the work quite sa 
well as circular columns with cape and bases, but nothing can be 
less effective or less apparently satisfactory totheeye. To remedy 
this defect, and make the stone posts architectural objects, the 
first step is to add a cap and a base, which have the effect of satis- 
fying the eye, though they do not really improve the structural 
fitness of the post. A second and further improvement will be 
to work the stone post and the cap and base added to it into a 
circular column, and now the eye will be far more thoroughly 
satisfied than it was with the square shaft, and although some 
structural superiority exists in a circular column over a equare 
one, this superiority is not at all equal in degree to the optical 
advantage gained by substituting the curved form for the 
square. 

If we to the other extreme, and take some architectural 
feature of the most purely ornamental charaoter, we find it still 
only a highly developed feature of structure. A spire, for ex- 
ample, is not a thing invented solely as an ornament,—it is a 
stone or a slate roof, greatly modified it is true by being rendered 
lofty, and enriched with various subsidiary features, bat still it is 
never other than a roof; and similarly, any feature of a building, 
as long as it remains an object of architecture, never can be other 
than a structural feature, or some appropriate addition to or deve- 
lopment of one. 

Let us apply these considerations to engineering works. One 
of the peculiarities of these works is, that ordinarily speaking, 
they show a great deal of their construction from their very 
nature; and a second is, that in the majority of cases the amount 
of material required to bear the various strains and weights is 
in excess of that requisite merely to ensure equilibrium and 
Stability. Works requiring e masses of material, and dis- 
playing the methods in which that material is made to do its 
work, seem to possess in themselves the elementaof that which 
is satisfactory to the eye, and consequently to require little or no 
external aid. It is to the facts that in ordinary buildings so much 
of the construction is necessarily concealed, in order to its pro- 
tection from weather, and that the amount of material necessary 
for stability and keeping out cold and wet is so greatly in excess 
of that requisite merely to take the strains and loads, that the 
architect owes most of his difficulties. Where he can show struo- 
ture, and where he has really to meet a strong thrust, weight, 
or strain, he seldom does more than provide in the readiest 
and simplest way for the requirements of the case; and, after 
perhaps the addition of a few mouldings or subsidiary features, 
or a little colour, he leaves the structure to tell ite own tala 
It is the necessity for creating features from the merest struc. 
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taral hints or rudimenta, or from none at all, which alone 
embarrasses him. The engineer, however, too often behaves as 
if he were unaware of his advantage, and in cases where his best 
policy would have been to “let well alone,” introduces features 
and adds ornaments which anything but improve the effect of 
his work. 7 

The eean principle then to be observed is, when structure 
is shown, and when the masses, features, &c., are apparently as 
well as really sufficient for the work they appear to the eye to 
bave to perform, so to arrange all decoration as to fall in with 
and give expression to the structure, and not to hide it. 

Perhape the existing bridges across the Thames in London 
and Westminster, will give as good a series of illustrations of 

views as any set A oisi s we could select. ' 

In London Bridge and Waterloo Bridge, we have admirable 
examples of the artistic treatment of works of masonry. Very 
little been done at London Bridge beyond selecting fine stone 
for the exterior, and marking the jointa of the masonry, by making 
them plain rustic work; and very little more than tbis has been 
accomplished in Waterloo Bridge, as the columns and the open 
balustrades there added are of the simplest possible design; and 
yet it would be hard to fiud anywhere two more thoroughly 
appropriate stone bridges than these. In Southwark Bridge we 
have an admirable exumple (from the same engineer, Mr. Rennie) 
of the proper treatment of a cast-iron bridge. Here the con- 
struction is even more frankly shown than in the stone bridges 
above mentioned, and the requisite form having been given to 
the iron-work, and the necessary bulk to the masonry, both 
are left to show themselves as exactly what they are, with 
hardly a stroke upon the one, ora moulding upon the other 
for effect. To these examples we may add the Hungerford 
Suspension Bridge, of Mr. Brunel, in which design the pointa 
selected to receive ornament, the piers, are certainly somewhat 
decorated, but only appropriately and judiciously so, yet not an 
Mp has been made to interfere with, or add to, the mecha- 
nical features of the chaina, the roadway, or the mode of susper- 
sion, and the result must be admitted to be a happy one. 

In contrast with these, the method which it has been thought 
right to pursue with regard to the New Westminater Bridge is 
to be regretted. Its very masterly construction is not left to be 
seen by those who view it from the water or the banks, but is 
cove by plates of open tracery, which are not very appro- 
priate in design to the material in which they are worked, and 
which are in no sense decorated structure, but additions placed to 
act as screens or blinds to mask the real working parts. Other 
illustrations of this mistake might be obtained from very recent 
engineering works, and it is simply because this error is more 
visible in modern than in early works that we have thought 
right to draw attention to it. 

One other point must be noted in connection with this subject. 
We have referred to mouldings as appropriate means for giving 
expression or ornament to sieustaral forma, and having done this, 
we must remind our engineering readers that the art of designing 
mouldings is one that can only be acquired by long study, and the 
repeated application of a generally cultivated taste. to the study 
of mouldings in existing works, and to the attempt to compose 
profiles suitable for various positions. Few engineers have given 
much attention to this study, or have much time to give to it; 
and yet it would be much better for them to acquire some 
familiarity with the subject than to delegate the work to an 
architect, or, as is more often the a mere architectural 
draughtsman called iu for that duty solely. The engineer of a 
bridge or other structure is much more likely to feel accurately 
the value of the effect which he desires his work to convey to the 
beholder than anyone not concerned in the designing of the whole. 
If, however, assistance is called iu, the person consulted ought to 
be a man of great skill and experience. This has not always 
been the case, and the difference between the results of employ- 
ing a master or a tyro has more than once been rendered evident, 
ina manner more permanent than satisfactory. 

To conclude, then, we would urge solid simplicity, and a 
straightforward exhibition of structure, as the method most con- 
sonant with good taste in the treatment of all engineering 
works; and we desire to point out the desirability of such a oul- 
tivation of taste combined with skill in all scientific builders, 
whether they call themselves engineers or architects, as shall 
render each of them competent to design and carry out every 
portion of every structure with which ‘his name is associated. 
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THE DEPARTMENT OF BUILDING MATERIALS, 
INVENTIONS, AND PATENTS, AT THE ARCHI- 
TECTURAL EXHIBITION. 


Ix the preliminary remarks in our April number on the aspect 
of this year’s Exhibition generally, we stated that practical art 
is not represented so liberally as it has hitherto been done, and 
by no means adequately to the importance or the interest (as it 
should be) of the subject. From the firat decision of the com- 
mittee in favour of establishing a department of this kind, we 
hailed it as a special boon—one that had long been needed, and 
which would here find an appropriate locale, the annual changes 
necessitated by the periodical exhibitions giving opportunities for 
the rearraugment of such articles of this class as are of permanent 
value in the way of display from year to year, and also admitting 
of such extra contributions as may be desirable occasionally to 
illustrate new inventions, or the improvements that are continu- 
ally taking place in old ones. All the available wall-space which 
the galleries can afford has been conceded to the furtherance of 
this object, and one apartment appropriated almost exclusively to 
the fitting up of such articles as required intricate or extensive 
apparatus, and it is this kind of subject in which the exhibition 
is most lacking. Some excellent devices for window fastenings 
and shutters, also ventilation, may be taken, however, as excep- 
tions to the many varieties of contrivances for domestic purposes 
which are now, unfortunately, conspicuous by their absence. If 
it be urged that this department appears to be deemed of second- 
ary importance only, it isentirely a mistaken iden. The mana- 
gers of the exhibition will, we are persuaded, give every facility, 
and with the strictest impartiality to all intending exhibitors, even 
if it should involve an extension of their suite of rooms, a propo- 
sition to this effect having been broached, we believe, some 
time since, when there was a prospect of a favourable treaty with 

ard to adjoining premises. 
sal work, as Racetatores is well represented, though Hard- 
man, Skidmore, and some others of our well-known artists in 
this material, are wanting. Messrs, Johnston, Brothers, have as 
usual a goodly show of admirably designed objects (70); and 
Messrs. Peard and Jackson, who are in fall force, (in No. 2 in 
the North Gallery) exhibit an unusual variety of articles, 
decidedly far superior in point of taste aud finish to any we have 
previously seen from that establishment. We may point atten- 
tion in particular to a beautiful collection of bell handles, and 
some other domestic furniture of the kind, also to a large gas 
standard, in which both the akill which prompted the desigu aud 
the workmanlike way in which it has been carried out are alike 
deserving of mention. Besides these there are specimeus of 
grilles, hinges, crosses, finials, and brackets, which among abun- 
nce of other things arrest the attention. 

The specimens of Mediæval Brass work, &., by Mesars. John- 
ston, Brothers, are above the average, showing, as we have before 
had occasion to remark, the especial degree of emulation which 
has been aroused among the various artists in metal work. Some 
of these brackets and font covers are particularly deserving of 
attention. Another branch of practical art which various manu- 
facturers are now bringing to a high degree of perfection, is the 
“tile” and '*tesserz" manufacture, of which some very choice 
specimens come under our notice in (74); these are by Mr. W. 

dwin, of Lugwardine, near Hereford. We have, on former 
occasions, expressed ourselves in terms of high commendation of 
these productions, and we need only observe here that those 
before us appear in some respects even superior to apecimens 
previously exhibited. Mr. Godwin's machinery enables him 
to produce surfaces of various egre of finish, from the rugged 
and irregular effect of Mediæval examples, to perfectly smooth 
tiles, of an even colour, and an almost imperceptible joint, these 
being often & desideratum in modern requirements. Adjoining 
these latter is Messrs. Maw and Co's. show of similar materials 
(75), which we described at length in noticing the previous ex- 
hibition. We are glad to see that Messrs. Maw, in common with 
some other manufacturers, have wisely sought aid from archi- 
tects in the production and arrangement of their articles, It 
is by such means as these that artists and manufacturers are 
reciprocally benefitted, though, after all, the public at large are 
the greatest gainers. 

In the lobby to the north gallery may be seen specimens of 
Martin’s Cement, an exoellent material, and one which is capable 
of being successfully applied in various ways, as it will atand 
the test of time better than most. We have before us differeat, 
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processes of its application, viz.: when the surface is to be 

red over; when in imitation of ashlar as showing its 
imitative qualities, but on that account it does not receive our 
sanction); and a panel inlaid with colours which has been exposed 
to great heat, it is stated, for several years, and it has certainly 
stood the test well, The same firm also show a specimen of 
Parte “Improved Cement,” recommended where paint or paper- 
ing is not desired, and this, it would appear, is an eligible mode 
of using it. The bracket cast in Martin's Cement is less to our 
taste. 

Brown’s Patent Cloth-padded Wood Strips, for renderin 
window sashes, casemente, doors, show cases, &c., air, dust, ap 
water-tight, appear likely to fultil their intention, although the 
models illustrating the method of applying them are not on a 
sufficient scale to prove this, Another system of “ Waterproof 
Casements” is exhibited in the adjoining gallery (149), and is 
by Messrs. Rattray and Tickell. These casemente, which possess 
the same imperviousness to water, dust, and air, are based on a sys- 
tem of over-lapping and double rebating, which issaid to prove 
efficacious, although the casements open into the room. A work- 
ing model explains the scheme very completely. Ransome’s arti- 
ficial stone is displayed in its varions applications in the north 
gallery (3), adjoining to which (4) is a very superior collection of 

ricks, pantiles, and kiln-tiles, sent by Mr. E. Fison, of Stow- 
market, Suffolk. These red and white pantiles constitute a “new 
waterproof pattern,” and are warranted to stand the sharpest 
frost. The white ones are serviceable where protection from heat is 
important. 
essrs. Devaux and Co. have increased their number of speci- 
mens of zinc-work as recently applied, under the direction 
of Mr. Edmeston, to the manufacture of stamped ornamenta 
and other architectaral features. Among these the fiuials and 
erestings are particularly successful; nor must the rain-water 
pipe-heads be overlooked. Mr. E. P. North, too, shows in (148) 
some pressed zine metal-work as applied to architectural panel- 
fing and other decorative purposes. In (8) we observe a model of 
Tyler's Patent Octagon “Chimney-head for the cure of smoky 
chimneys,” of which we know nothing practically; but inasmuch 
as there is scarcely a greater nuisance in a house than smoke, it is 
unquestionably worth a trial, for certainly in the model some of 
the usual difficulties would seem to be successfully combated. 
Wright's “Self-acting Water-closet” (7) was described at length 
by us this year, as also those by Messrs. Tylor and Son, which with 
other apparatus is shown in (8). The lavatories produced by this 
tirm are of a very complete kind, and possess every improvement 
needed under the present system of water-supply. In these the 
“regalator valve” allows of the water being adjusted at pleasure 
by simply turning the small tap, and the valve for the hot-water 


is of metal, of the most approved construction. (74) contains | 


several kinds of “Pan-closets” sent by the makers and patentees, 
the North Devon Pottery Company, of Annery, near Bideford. 
Like in others, the claims of simplicity and economy are put forth 
as recommendations, but especial atress is laid upon the receiver 
and capsizing-cup or spoon being made of vitrified stoneware, or 
glazed earthenware, so that it is not liable to corrode, as is the 
case with metal. Messrs. Sharpe, Brothers, and Co. are also can- 
didates for public patronage in a similar way,and exhibit some 
excellent specimens in (13.) 

Several cleanly-executed “Modeis or Patterns in Wood, Wax, 
&c.," for the use of founders, in reproducing in iron, brass, aud 
other metals, deserve examination 1n (11.) e of the designa 
themselves are scarcely in keeping with the ideas of the present 
day, but there is a beautiful yet simple pattern for a grating 
which cannot fail to be effective. Messrs. Moore and Sons retain 
(12) their show of “Church and Turret Clocks, and Pressed Glass 
Clock Dials” for illuminating by night, and having a solid opaque 


a rance by day. . 

Fi he show-cases of “Locks and Lock-furniture” by Messrs, 
Bond and Scammell (18), and of Messrs. Hobbs, Ashley, and Co. 
(19), are replete with excellent contrivances and beautiful work- 
manuship. ides the usual mortice locks, specimens of which 
are on view sufficiently thin for the smallest cottage or bed-room 
dóors, Messre. Hobbs and Co. have perfected their machinery for 
the manufacture of similar locks, suited for doors made on the 
continental plan, without the lock-vail. 

The use of coloured cement for the pu of forming inlay 
patterns as a species of surface decoration, has of late come much 
into vogue; and it the desirable requisites of simplicity, 
durability, and cheapness, One method of its application is 
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shown by Mr. Georgi, and stated to be after the manner of the 
Italian Graffitto work, and to be an imperishable mode of orna- 
menting any given surface by means of two different coloured 
cementa, one of which serves for the ground, and the other for 
the ornament, and alike suitable for inside or outside works. 
The price would be from a shilling a foot, according to the rich- 
ness of the design. 

(15) Again introduces us to bricks and brickwork, being an 
assortment of “ Patent Stove Brieku" manufactured by Bodmer, 
Brothers, of Newport, Monmouthshire. Their London office is 
at 2, Thavies-inn, THolborn. In the printed statement a ded 
we find them thus described :—'* These bricks consist chiefly of 
sand and lime, intimately mixed in certain proportions, and sub- 
jected to great pressure in moulds. Upon being removed from 
the press, the bricks are piled in heaps in the open air, and a 
chemical process of induration almost immediately eommences on 
the surface, and gradually penetrates towards the eentre of the 
brick until it is ultimately converted into stone. Instead of 
deteriorating on exposure to the atmosphere, the patent stone 
bricks improve, and become more durable; nor are they affected 
by frost, however severe, after having once become mdurated toa 
certain extent, a property which many clay bricks do not possess. 
Hydraulic bricks, most particularly adapted for pits, sewers, and 
siker similar works, are made to order; but even the ordinary 
patent stone brick remains uninjured on being immersed in water. 

Messrs. G. Jackson and Son’s Carton Pierre and Papier Maché 
is again displayed (147) in various new and elegant designs, chiefiy 
of Renaissance character. Thus several of the specimens have 
been executed from the designs of Mr. S. Angell, architect, 
mee for enriching the beautiful hail he has lately erected for 
the Clothworkers' Company, Mincing Lane. The most effective 
of these is unquestionably a group of Chimerer, executed in carton 
pierre; but we may also note some festoons of fruit, & capital for 
& pilaster, and a pattern panel for a ceiling iu papier maché. 
Messrs. White and Parlby, in (152), show fresh specimens of 
relievo wall coverings and internal decorations in papier maché, 
carton pierre, and composition, which well maintain their cha- 
racter for excellence of material and finish. The very perfect 
* Encaustie and Mosaic Tiles,” exhibited by Mr. W. England 
(1514), are equally meritorious in colour and workmanship, the 

tterns selected for their display being of the most intricate 

ind, yet the arrangement and fitting of all the parts are com- 
pletely satisfactory. In one of these panoslariy is this observ- 
able—the Mosaic, imitated from early Italian examples; while the 
“arrangements” for wall-tiling are for the most part also successful. 

In the centre of the end gallery may be seen a large model of 
* Gurman’s Patent Sash Pocket and Fittings for Weight Sashes,” 
so as to admit of the cleaning, repairing, and painting of sashes 
without endangering life. Also his * Patent Sash Pocket and 
Fittings for Balance Sashes.” These sashes move easily, and 
give proper ventilation; they have solid frames, require no 
weights, and exact lees labour in their manufacture, as well as 
less material. Another advantage is the readiness with which 
they can be taken out and replaced when wanted; the prices are 
very reasonable. Wild’s Patent “British” Ventilator is shown 
by two large models in (150), and is very simple in its applica- 
tion. These ventilators are fixed in the ceiling of an apartment, 
being opened and closed by means of a balance-weight suspended 
either from the centre or over the ceiling by a weight lodged 
against the wall, by means of a cord and pulley. Messrs. Bell- 
man and Ivey's Scagliola appears to advantage in imitation of 
various marbles (15}), some of which, if we mistake not, are 


renewed from last year. : 
A very large model of Sedley's Patent Iron Bridge for crossing 
rivers and valleys at one span, “at any height or any width up 


to 1500 feet," without the aid of intermediate piers or support of 
any kind, is one of the most novel and attractive things in the 
Exhibition. Without pronouncing on this occasion as to whe- 
ther or not it would be likely to fulfil its conditions, we give from 
the author's description an epitome of what it comprises. “This 
bridge combines in its structure the uses and advantages of 
the tubular, girder, and suspension principles. The manner of 
raising and fixing the bridge in ite proper position when com- 
pne is entirely new; for it matters but little whether the 

ridge to be constructed be 5 feet or 500 feet, above the level of 
the river or valley intended to be crossed. This description of 
bridge is available for many purposes, especially for crossing rivers 
where it is desirable to have the navigation of the river open. The 
model is constructed on a scale of 1 foot to 60 feet. The bridge 
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with a mean width and of 4} inches, has a span of 17 ft. 
6 in. without any in iate support, and represents & bridge 
of 1050 feet in len It is composed of deal, in no 
more than 3-16ths of an inch thick, bradded and glued together, 
weighs only 24 lb, and has been severely tested by means of 
heavy weights, placed on it at short intervals of also b: 
trains of shot being drawn over it at a quick pace while weigh 
The deflection has not exoeded more than 1-16th of an inch at 
most, which is hardly more than that caused hy the difference in 
the temperature of a wet or dry week. In buildiug bridges on 
these principles, iron and steel would be used in combination 
where cable, so as to get lightness with great strength. 
The leading features of this invention are, simplicity of construc- 
tion in the mechanical portions, and method of elevation to the 
desired height; economy of first cost; the total absence of in- 
termediate piers for support, and the heavy expenses and great 
difficulties attending all subaqueous undertakings. In devising 
and constructing this bridge, Mr. Sedley has relied much ou 
what has been done previously by Messrs. Fairbairn, of Man- 
chester, and the late Mr. Robert et acta C.E., and he believes 
that bridges built on this plan will be found thoroughly practi- 
cable, and that before many years have we shall find wide 
streams and valleys crossed without difficulty at one span. Up 
to the present time the three bridges most remarkable for wide 
Spans are, the Menai Bridge, and the Bridge over the St. Law- 
rence, both built by Mr. E Stephenson, C.£., and the Saltash 
Bridge, built by Mr. Brunel; in neither of which strpctures there 
is any span exceeding 455 feet without intermediate piers.” 

In the great gallery, one of the esu i ore ndn 
goods exbibited by Cox and Son, of Southampton-street, Stran 
principally consisting of Church Furniture and Carved Oak- 
work, in the preparation of which much aid is obtained through 
its being roughed out by machinery. This process is now well 
known, and been extensively applied. On the table in the 
room is an ingenious and well-executed model of “Miles’s Patent 
Sashes” (356), presenting either side of the glass to be cleaned 
from the interior of the chamber; and over the door of the west 

are some specimens of mural and ceiling decorations (357 
in various styles, in which Mr. W. Homann has employ 
id ri as the medium of embellishment, the cost but little 
exceeding that of first-class paper-hangings. This mode of deco- 
ration is one which is capable of application in several ways, 
inasmuch as it can be used either in where papering would 
Dot so well answer, or in combination with other methods of 
enrichment, thus producing variety as well as harmony of effect. 
Mr. Homann ie also a contributor of namerous designs for deco- 
rative purposes, which are interspersed among the more grave- 
looking architectural pictures on the walls, and to some of 
vcre called attention in our notice of the other part of this 

——— a aeee 


NEW IRON LIGHTHOUSE, AT CAPE CANAVERAL, 
FLORIDA, US. AMERICA. 


(With. Engravings.) 

The accompanying Plates, Nos. 9, 10, and 11, illustrate a new 
Tron Lighthouse, which it was intended by the United States 
Lighthouse Board to erect in 1861, at Cupe Canaveral, Florida. 
The designs were prepared under the superintendence of Capt. 
Wm. F. Smith, Engineer Secretary to the Lighthouse Board, 
Washington; the drawings being made by Mr. J. K. Whilldin, C.E. 
The structure exhibits many features of interest. It is the 

t iron tower on the whole coast of the United States, and 
may be taken as a fair sample of the present state of lighthouse 
a gen in that country. 

he mode of lining the tower with brickwork, arranged as 
exhibited in the plates, is considered to be preferable to concen- 
trating a great weight at the base of the tower (as is not unusu- 
ally done to gaia stability), as, when the latter arrangement is 
adopted, the strains arising from hurricanes are to a large extent 
transmitted through the connections; and the oscillations from 
the same sovrce must also prove more serious. 

The following copiona extract from the specification conveys a 
full description of the details:— 


General description.—The tower has a curved outline generated 


by the revolution of & rectangular hyperbola around one of its 
asymtotes as an axis. The Siete of the shell at the base, 
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(not including the projecting flanges) is 28 feet; and at the top, 
immediately under the stir I its 13 feet. The main part of 
the tower, exclusive of lantern, is composed of cast-iron panela 
arranged in horizontal sections, breaking joint with those above 
and below them; there are 15 such sections, each 8 feet high, 
making 120 feet in height for the body of the tower. There are 
12 panela in each section, firmly secured together and to tbe 
adjoining sections by wrought-iron bolte. The thickness of the 
section at the base of tower is 14 inch, and the thickness of each 
succeeding section decreases as it approaches the top; that under 
He lanter being $ of an on C ens 
rick lining of tower.—The lower o! section proj 

inward sufficiently far to sustain part of the brick will which 
lines the interior of the iron tower. The whole wall being thus 
subdivided in similar sections to the iron work, the contraction 
and expansion of the two materials (iron and brick) from 

s the temperature, become inappreciable for section of 8 

eet. 


Keeper s dwelling.— The first four lower sections of the tower are 
intended to be used as the keeper's dwelling; and the stairway 
through these is enclosed with a boiler-plate cylinder, 6 ft. diam. 
The stairways beyond section Fig. 6, Plate 10, are open, and 
each flight is formed of cast-iron steps, which are strung on & 
wrought-iron shaft which passes through their hubs from floor to 
floor. Immediately under the watch-room deck the steps are 
again enclosed, and a plate-iron door is provided to prevent 
draught reaching the lantern. The general elevation and vertical 
section of tower is shown on Plate 9, Figs. 1 and 2, and various 
details on Plates 10 and 11. 

Shell of tower.—The panels forming the shell of tower to be of 
cast-iron, made in dry sand. The iron used must be remelted 
iron of the best American brands, and of such a mixture as sball 
insure the greatest strength and toughness. The weight neceesary 
to end asunder one square inch must not be less than 20,000 

n 
Points to be planed—The top, bottom, and side flanges of the 
panels forming surfaces of contact, must be planed. The onl 
exception being the lower flange of sectiou Fig. 3, Plate 10, whi 
rests on the masonry. For the Jure of ventilating the space 
between the shell of tower and the brickwork, there must be 
drilled through the top and bottom flanges forming each joint 
between the sections, 12 holes, equally distributed, and one inch 
diameter. The panels and sections to be firmly secured together 
by m epa bolta. The holes in the flanges must be reamed, 
and the bolts turned to neatly fit them. 

Bolts for connecting the sections of tower.—Each of the panels for 
ali the sections will have six bolts for each top flange, six for 
each bottom flange, and five for each side flange. 

Foundation bolts.—The foundation bolts to be of wrought-iron. 


They wili be firmly bedded in the masonry, and will through 
and be secured to the outer lower flange of section Fig. 3. There 
must be attached to the lower part of two foundation bolts, oppo- 


site each other, poppe rods 1” diameter, to pass through the 
masonry horizontally, and penetrate moist ground at about 20 
feet from the eentre of bolt, and descend vertically 8 feet. Pro- 
Jections for the window-frames, with their cable-mouldings on the 
outside, must be formed on panels; and in sections Figs. 4,5, and 
6, openings must be made for the smoke-pipe. 

Plate iron floore.—The floors of the interior of tower must be 
of heilar plate ¢ of an inch thick, sustained by rolled iron girders 
and T iron. 

Rolled Girders.—The 6, 9, and 12 ineh rolled girders, with 
their chairs, socketa, &c., are to be similar to those made by the 
* Phenix Iron Company,” Philadelphia, Pa. The 6” girders for 
floors in sections Fige 3, 4, and 5 of tower radiate from the plate 
iron cylinder, to which they are seeured by means of cast-iron 
sockets and wrought-iron bolts, with hexagonal heads and nuts. 
The outer ends rest on the lower panel flanges. 

Floors in sections Figs. 4, 6,6—The floors must be secured to 
each 6” girder with two sets of wrought-iron connections. The 
T iron for stiffening the under side of floors in sections Figs 4, 5, 
and 6 to be 3" x3” x $^", and to be secured by rivets with counter- 
sunk heads, not exceeding 4 inches apart from centre to centre. 
The floors are supported mainly by rolled iron girders, whose 
ends are secured to the lower flanges of the panels. The under 
sides of the floor are further supported by T iron, extending from 
said girders to the brick work. As all the floors must be flush 
on their upper sides, the rivets for connecting the T iron te 
the floors must have countersunk heads; and they must be 
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‘placed not exceeding 4" apart from centre to centre. The 
trap doors of boiler plate, 1" thick, must be furnished with 
strong wrought-iron Dum. and handles for opening them. 
Each one must have two pieces of angle iron, 2" xX? XF’, 
secured to the under side by rivets, $" diam., not exceeding 4" 
apart. The frames for the doors where not formed of the girders 
or 4" T iron, must be of angle iron 3" x 3" x §”, secured by rivets 
not exceeding 3" apart from centre to centre. 

Diameter of floors.—The outlines of all the plate iron floors are 
circular, and are all to be built in the brick work a few inches. 
Their extreme diameters are as follows: 


For the floor of section Fig. 4........................ 93 6" 
Do. do. do Fig. 5........scccecsceenseese 21' 10" 
Do. do. do.  Fig.6............. DE 90' 2 
Do do. do. Fig. 7... eee rere roris ll’ 3" 


Chaire for beams.—The chairs for the ends of the 9-inch and 
12-inch rolled beams to be of cast-iron. Wrought-iron bolts, 1" 
diameter, and provided with suitable nuts and washers, must be 
furnished to secure the beams to the chairs, and the chairs to the 
flanges of the panels of tower. The sockets at the middle of the 
9-inch and 12-inch beams, and at the watch-room floor, must be 
of cast-iron, neatly fitted and secured to the beams. They must 
be bored to fit the ends of the wrought-iron shaft which passes 
through the open stairway; and their surfaces of contact with 
the steps of the open stairway must be faced. Around each 
opening in the floors, for the stairway, angle iron 3" x3" x#’, 
must be neatly fitted and secured. 

Railings around openings in floors,.— W rought-iron railings, seen 
in the vertical section, Plate 9, surround these openings; the 
standards of wbich, at their lower ends, secure the floor-plates 
and angle iron together. , 

Cylinder around lower stairway—A plate-iron cylinder sur- 
rounds the stairway in the lower part of the tower, Fig. 9. The 
exterior diameter of which, exclusive of battens, is to be 6 feet. 
The plating and battens to be }-inch in thickness, secured by 
rivets f" diameter, not exceeding 3" spere from centre to centre, 
and driven hot. Where the steps would come iu contact with the 
rivet-heads, the rivets must be driven with countersunk heads. 
The cylinder must be secured to the cast-iron base-plate by a 
single row of rivets, of the same diameter and the same distance 
apart as above. Each door-frame in the cylinder must be formed 
of 3 strips of bar-iron 12" square, secured with rivets not over 4" 
apart. es for the (gun-metal, 3" x 3") hinges of doors 
must be cut in the frames, and the hinges secured to them by 
gun-metal screws. The top of cylinder must fit up closely to the 
floor, and the plating cut to suit the T iron and beams on the 
under side of the floor. That part of the floor which has in it 
tbe opening for the stairs, must be secured to the cylinder with 
&pgle-iron 3" x 3" x 8". A piece of the same sized angle-iron, 
and two feet in length, must be rivetted to the cylinder on each 
side, immediately under the rolled girders. 

Base-plate of cylinder.—The base-plate of cylinder must be of 
east-iron. The rebate on the periphery, for the attachment of 
the cylinder, must be turned; and the upper part of the centre 
hub, on which the steps rest, must be faced. 

Steps inside of cylinder.—The stepe for the enclosed stairway 
to be of cast-iron. The upper and under surfaces of the hubs 
must be accurately . The outer end of each step to be 

laced 4 of a circle in advance of the one beneath it; and must 
k secured to the cylinder with 2 wrought-iron bolts 8" diameter, 
the heads and nuts to be hexagonal, and tool-finished. 

Landing-plates in cylinder.—The cast-iron landing-plates to be 
faced on the upper and lower surfaces. The riphery of each 
plate must be secured to the cylinder with 4 bolts like those for 
the siepe. A casting must be inserted in the top step of the 
enclosed stairway. The upper part of which casting will 
penetrate the socket which is between the rolled girders. 

Steps of open stairway.—The steps of the open stairway to be 
of cast-iron. The position only of these steps is shown in 
Fig. 1, as they are the same Ls i de The hube must be 
made so as to allow & rolled iron shaft, 3 inches in diameter, 
to pass through them. For each flight of steps there must 
be a space of half an inch between the upper end of the 
wrought-iron shaft and the under side of the division piece in 
the socket. And the total height of the steps in each flight 
must be about 14,” less than the clear space between the sockets. 
Each step is made in three parts; the tread must be secured to 
the riser with 3 wrought-iron bolts, with countersunk heads. 
The upper and lower surfaces of main hubs, and the socketa 
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through which the railing-standards must be faced. The 

lower part of each standard passes through two stepe, thereby 

securing the parts together, and determining the position of one 
step relative to the other. 

T'read of step.—The tread of each step, thus determined, is 
nearly one-twentieth of a circle. The sum of treads for each 
flight of 20 stepe, measured on a circle drawn with a radius of 
2' 9%”, lacks about 23" of being a complete circle. 

Stairway railing.—Ihe part of each railing standard above 
the steps must be amooth-forged; below that point it must be 
tool-finished. The rail must be made of 1” round iron, and 
scarfed at intervals of five stepe. Each standard must be riveted 
to the railat the upper part. ' 

Stepe at the of main aleer APRON ine ate similar to 
those for the enclosed stairway, will terminate the main stair- 
way immediately under the watch room. "They must be enclosed 
with, and be secured to, plate iron, one-eighth of an inch in 
thickness. 

Door under watch-room.—A door of plate iron à" thick, stiff- 
ened with bar iron 13" x $” on the inside, must be attached to 
the plating with strong wrought-iron hinges, and furnished with 
suitable fixtures for opening and closing. Rebates, not lees than 
4 inch wide, must be formed around the top and sides of door 
with bar iron 24” x 3". The plating must be secured to the 
floor of the watch-room by angle iron 3" x 3” x 8$", and to the 
steps by bolts 8" diameter, as for the other enclosed stairway. In 
order further to exclude any draught from the lantern, there must 
be fitted to each of these steps a sheet iron riser 4L" thick, 
secured with wrought-iron screws ]" diameter, and not over 4" 
apart. The railing of the main stairway terminates at, and must 
be secured to, the frame of door. 

Stairways in watch-room and lantern.—The stringers of the 
lantern and watch-room stairways are to be of wrought-iron 
secured at both ends to the floors and galleries with wrought- 
iron bolts 2" diameter. Those bolts at the upper ends to have 
counters heads. The brackets which form the rise of the 
steps to be cast-iron, each one secured to the stringer by two à" 
bolts with countersunk heads. All the brackets must be in con- 
tact—the joints to be neatly fitted. The treads of the stepa to 
be of cast-iron; each one must be secured, at each end, to the 
flange of the bracket with wrought-iron bolts à" diameter. The 
railings for these reci ed and around the openings in the 
watch-room and lantern floors, to be of wrought-iron. The rail 
to be of one inch rodhd-iron; the standards for all the steps, 
and for the lantern deck, to be $" diameter at the lower part; 
and standards at the watch-room floor to be 14” diameter at the 
lower part. 

Lantern deck.—The lantern deck to be of cast-iron, made in 
dry sand. It will be made in four parts, one of which ia to con- 
tain the opening for stairway. The joints must be planed, and 
well fitted. The segments must be secured together with 1}” 
“ream” bolts of wrought iron. The nuts, heads, and washers to be 
for 1}” bolta. Thecircular seat in the centre of the deck, for the 
lens pedestal, must be faced. The periphery of the deck must 
be secured to the flanges of the panels with wrought-iron bolts 
1" diameter. 

References to Plates 9, 10, and 11. 
(Similar letters throughout refer to the same parta.) 

Plate 9, Fig. 1, is a general elevation, and Fig. 2 a vertical section, 
showing the interior construction. (The stairway being the same 
throughout, parta of it only are shown). 

Plates 10 and 11 show sections at various parts of the tower, taken on 
the lines indicated by the letters on Fig. 1, and other details. 

Fig. 8 is a section at A B, which shows the internal arrangement at base 
of tower, a, d, a, is the brickwork; b, space for fuel; c, c, cellarage; 
d, d, d, water-tanks. 

Fig. 4 shows a section on the line C, D; e, is the kitchen; f, f, bed- 
rooms; g, the central stairway; A, the landing-place; i, trap door; 
k, emoke-pipe. : 
ig. 5, section at E, F; J, J, 6-inch rolled beams or girders; m, T irons 
or stiffening under-side of floors; and n living room. , 

Fig. 6, section at G, H; o, passage; p, p, closeta. i 

Fig. 7, section at I, J; g, q, watch-room ; r, stairs to lantern. 

Fig. 5, section at K, L, stairs; a, gallery round lantern; t, ahaft supporte 
i tern. 

Figs. 9, 10, 11, and 12, details of tie-rods about the axis of lantern; 
v, v, rods; u, wrought-iron rim ; w, brass staples screwed down on rim 
which receive the arms, x, z, x, of circular rim. 

(To be concluded in our sat.) 
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LECTURES ON ARCHITECTURE AT THE ROYAL 
ACADEMY.* 
By Srpxzy Bursxg, RA. 


Lscrusx IIL ' 

Ix my last lecture I touched upon a few of the more interest- 
ing objecta on the shelves of the British Museum that have 
special reference to architecture. The subject is well-nigh inter- 
minable; for I doubt whether any library in the world equals 
that in the British Museum, either in extent or value; and I 
purpose on a future occasion to pursue the subject, and continue, 
in a cursory way, to direct your attention to such other works as 
asem to me best calculated to impart instruction or to excite in- 
terest in the minds of those en in the pursuit of archi- 
tectaral knowledge. But I will this evening call your attention 
to another library, which may be in some sense regarded as & 
publio library, but which is very different, no doubt both in re- 
spect to extent and value, from that to which I have already 
adverted. Irefertothe library which forms an important part 
ofthe Soane Museum. Being a library formed by an architect, 
and bequeathed by him in trust for the express use of architects, 
it seems to have special claims on my attention here; and those 
claims are enhanoed by the long connexion that existed between 
this Academy and Sir John Soane. 

It i$ by no means my intention or desire to constitute myself 
the apologist or the eritic of that in some respects remarkable 
man. ith his nal peculiarities, with his temper and dis- 
position, with his foibles and eccentricities, we have nothing 
whatever to do here. Let those who have no defects of temper 
or of character throw the firet stone. I certainly will not 
venture to do so. 

As an architect he was, undoubtedly, in some respects re- 
markable. He sought for novelty and originality in whatever he 
did; and not unfrequently he succeeded in attaining the object 
of his search. He was very deficient in greatness of atyle, delight- 
ing rather in small concetti and whimsical contrivances to pro- 
duce effect. Though he can hardly be said to possess genius in 
the higher sense of that word, he had much ingenuity. He 
moreover bad some aspirations after the attractive but hazardous 
quality of the picturesque in architecture. 

IfI had declined, on the present occasion, to be the censor of 
his personal peculiarities; so I would equally refrain from inves- 
tigating hia motives, which may or may not have influenced him 
to devote his museum and library to its present semi-public pnr- 
pose. Let us take the fact as we find it, and admit at once that 
the bequest was a. liberal contribution towards the education of 
his professional posterity. It pleased Sir John to apply for and 
obtain the sanction of Parliament for the formation of a trust, 
imposing on the trustees certain very clearly defined duties; 
which duties the trusteea, by mp are mar office, become 
morally and legally bound truly and faithfully to perform,—at all 

events until the same authority that imposed chant shall have 
thought fit to modify or annul them. 

I have ventured to say thus much publicly to you, because the 
trustees have not unfrequently been made the subject of con- 
siderable misrepresentation. Sir John evidently desired to limit 
the examination of his collection to those only who studied archi- 
tecture, either as professors or amateurs; certainly not intending 
to throw it open to indiscriminate view. That such was his in- 
tention is conclusively shown by the particular conditions which 
he so carefully imposed; and a trustee, like an executor, can by 
no means depart from, or even vary, a single condition laid down 
by the testator, without incurring the very serious charge of 
n ting or exceeding the powers of his trust. 

The museum, properly so called, will not engage our attention 
this evening. oee who have made themselves acquainted with 
ita contents know that they are of a very miscellaneous character, 
comprising some objecta of great value and interest, and some of 
& most trivial and insignificant nature. 

Jt is to the library only that I am now about to advert, 
avoiding as far as may be possible such objects as exclusively 
concern the mere antiquary, inasmuch as the time at our disposal 
is very limited; and as the special purpose of these lectures is by 
the eri constitution of the Academy confined to such objects as 
are calculated to further the professional education of the 
students. This same consideration excludes us also from advert- 
ing here to the rich stores of mechanical knowledge which are to 
be found on the shelves of this library. 


* Continued from page 114. 
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That Sir John was perfectly aware of the high importance to 
every architect of a thoroughly practical knowledge of building is 
sufficiently apparent from the contents of his library, and was re- 

tedly dwelt on by him in the lectures which he delivered 

m this place. But it is to his books on architecture as a fine 
art that I am bound here to confine my attention, and it is cer- 
tainly to the worke of this character that the library owes its 
chief attraction, and from them it derives its chief value. It 
comprises nearly every architectural publication of value that 
appeared during his own professional career, down to the period 
oe death in 1837, as well as a large store of books of euly 

te. 

Among the earliest iu the catalogue 
*Libri decem de re Edificatori& Of this well known book 
there are here six editions, but among those I do not find the 
original and earliest Latin edition of 1512. A folio edition, in 
Italian and English, appears to be that which its owner read with 

test ease, as it contains many marginal notes by him, and 
other evidences of hia haying carefully read it. 

On a former occasion I bave from this place expressed my 
admiration of Alberti’s works at Rimini and elsewhere. His 
church of San Francesco isin the best style of the early Renais- 
sance, before it had degenerated into the commonplace manner of 
the following century. It is worthy of note, that Vasari touches 
but slightly and with some apparent indifference upon the work, 
although he must have been especially familiar with it, seeing that 
Vasari dwelt some time in Rimini. In truth, Vasari, excellent 
though he may be asa biographer, had as an artist but litle genius; 
and he was unable to appreciate the somewhat dry, antiquated 
manner of Alberti. That artist not only undoubted 
talent as a practical architect, but remarkable merit also an a 
writer. His book is full of valuable remarks, aud attesta at once 
his good sense and his erudition. What is also specially worthy 
of our observation is that he appears in an eminent degree to 
have united a minute and accurate technical knowledge with a 
fine æsthetic feeling. The distinction which he draws between 
beauty and ornament is, I think, moet just and true. '* Beauty,” 
he says, “is something lovely whicb is proper and innate, and 
diffused over the whole y; whilst ornament, is something 
superadded, or adventitious rather than innate.” 

Alberti, and I might say Alberti’s school,—the school of the 
early Renaissance,—well understood the distinction between 
beauty and ornament. The vulgar of all ages, countries, and 
ranks, are apt to think that ornament means beauty; and that in 
order to be beautiful we must needs be lavish in ornamentation. 
This great error leads directly to that excess which degrades art, 
whether it be architecture or her sister arts. It was excess 
which marked the decadence of Roman and of Medieval art; and 
it was the disfigurement of excess which stained the purity of the 
early Renaissance. 

I speak, as it is fitting and becoming that I should speak, with 

t reserve, and in the most general terms, when touching on 
the state of our art in the present day; but I think I am only 
fulfilling & plain duty in J hene the tendency to a mere- 
tricious use of ornament, which may perhaps be discerned amidst 
the conflict and rivalry of prevailing tastes. 

No doubt, in this country, the greatest diversity of feeling 
exists in matters of art. So impatient ofall restraint is our coun- 

an, that there is no privi that he more freely exercises 
than that of airing from his neighbour in opinion;—and in 
taste, especially, we roverbially and most widely differ. 

Some will teach us that ornament alone is architecture, and 
that a building without ornament ia but handicraft work, neces- 
sarily devoid of art, and beneath an artist’s attention ; whilst 
others will look with equal contempt upon all mere ornament 
as a frivolous and puerile inutility, altogether unworthy of any 
serious regard. I believe that in this case, as in most others, 
each of these extreme opinions is equally remote from the truth. 
At all events, Iam confident that, however we may be led away by 
our imitative habits into occasional extravagances and unseemly 
excesses, the natural bent of the English mind is towards mode- 
ration in the use of ornament. 

Flagrantly as we may sometimes err, and wild as may be 
the caprices we sometimes indulge in; still in the main, the 
tendency of public taste is of a plain, grave, and practical cha- 
racter; and I am greatly mistaken if, when we regard—either on 
this side of the Atlantio or the other—the overloaded piles of en- 
richment which constitute the pretentious facades vai anny id 
presented to us for our admiration, by far the majority of us fail 
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into the unimpassioned and calculating inquiry of “cui bone?” 
Not only does this excess offend, as it appears to me, the natu- 
rally simple taste of this country, but it is plainly at variance with 
the lessons daily taught us by our English climate. Moistness 
is the normal condition of our air, and clouds are the normal 
clothing of our sky. For at least two-thirds of the year our 
buildings are constantly liable to be drenched in rain, whilst for 
the remaining third they are subjected to the still severer trials 
of frost. And thus, in this matter, the dictates of common sense 
are in perfect harmony with the suggestions of our natural taste. 

I perceive that the short and pointed sentence which I have 
quoted from Alberti has led me into a somewhat verbose diver- 
sion. In this respect I am failing to profit by the example of my 
author, whose style of writing is as free from verbiage and pro- 
lixity as hia style of architecture is exempt from frivolous and 
intrusive ornament. 

The next book which comes to hand is of a very different cha- 
racter. Indeed, one is sometimes almost led to feel suprise how 
books so widely asunder in their character and quality can sub- 
mit to the close and constant juxta-position that they are sub- 
jected to on our bookshelves. The book, I say, which I now 
take up is that of Dietterlin's * Architectura de Constitutione, 
Symmetrià, ac Proportione quinque Columnarum,’ published at 
Nuremburg, in 1598. It bears sad testimony to the rapid de- 
terioration of art, and to a special proneness to a corrupt excess 
among our German neighbours. i 

In the extravagant and grotesque scrolls and cartouches which 
abound in this volume, we see at once from whence were derived 
the strange ornaments of our Elizabethan and Jacobite styles; 
although those styles, as displayed in our own country, might 
lay claim to the character of simplicity and sobriety by the side 
of these wild enormities of Dietterlin. 

In a former lecture I expressed my belief that much of the 
degradation of architecture in the seventeenth century might be 
due to the practice at that period of the same individual pursuing 
all the three sister arts. hilst any remnant of the purity of 
early art and of the good sense of the early artists survived, this 
combined cultivation of the fine arts was not attended by any evil 
consequences. On the contrary, the arts lent to each other 
that mytual aid from which they derived mutual advantage; but 
it was when the torch of genius a died out, and our art fell into 
decay, that the dangers consequent on this union began to 
develop themselves, When men ceased to understand the true 
scope of each art, and to recognise their respective limits, they 
lost the power of designing well in any art. The sculptor and 
the architect becamo merged in one artist, who was fain to build 
up his clouds and to construct celestial glories as if he was erec- 
ting a stone wall, whilst, on the other hand, he designed buildings 
wanting many of the essential attributes of real architecture,— 
buildings, indeed, that could only be made to stand by dint of 
ties and other hidden mechanical contrivances. The physical 
impossibility of executing in solid materials the architectural va- 
garies of Dietterlin, as exhibited in the designs before us, is 
sufficient evidence of his unfitness to design architecture. He 
seems to have been utterly regardiess of the great fact that archi- 
tecture is a constructive art, subject to static and dynamic laws. 
Far different was it in the good times of the previous century. 
I believe we may defy the most scrupulous critic to point out in 
any one picture of Raffaelle's, of Giulio Romano's, or of Michael 
Angelo's,a single building or fragment of architecture which might 
no uh perfect facility be executed, line for line, in atone or 
timber. 

I touch with great reserve on the confines of my neighbours, 
and should regard it as presumptuous on my part to affect the 
critic in the sister arts; but still I would venture to urge on the 
students of the painting school, that, in the architecture which 
they may deem it proper to introduce in their pictures, they should 
never be unmindful of the practicability of the structures they 
represent. It appears to me that it is just as incumbent on the 
painter or sculptor to give to his building a suitable and sufti- 
cient base, as it is to place his figures properly and naturally 
on their feet: the error of representing an impossible structure is, 
in its degree, just as great as that of representing a man in an 
impossible attitude. 

I must, however, at once revert to the Soane Museum. 
I find on the shelves a volume of drawings, chiefly executed 
on vellum, described in its manuscript title as “ Disegni di 
Architettura del Anno 1400" It is a curious volume, the his- 
tory of which I know nothing, although of its authenticity, for 
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various reasons there can be, I think, no reasonable doubt. The 
execntion of the drawings is very indifferent, and, there is little 
attempt at correct delineation; and yet there is not wanting 
freedom and a certain amount of manual and almost artistic dex- 
terity. The volume seems to do for the fifteenth century what 
Willars de Honicourt’s book of drawings, recently submitted 
to the Institute of British Architects, does for the thirteenth 
century. 

There are between sixty and seventy drawings, but none bear 
any titles, and they are probably original stadies or exercises in 
architectural and ornamental design. A very little correction and 
modification would make some of these designs el t compo- 
sitions, I have upon a former occasion o upon the 
absence of the regular orders of architecture in the early works 
of the Renaissance. This volume remarkably corroborates m 
statement. There is not, I believe, a single instance in the 
of a dominant order determining the proportions of a building. 
Columna there are in abundance, and of a t variety of whim- 
sical forms; but in all cases, I believe, each tier of columns and 
arches represents a separate floor. A constant use of arches and 
niches; a prevailing habit of panelling and enriching the panels 
with arabesques, as on the sides of square columns and 
pilasters; and a habit of covering all vacant spaces with be 
and circular panels and medallions, filled in either with slabs of 
coloured marble, or with foliage generally in somewhat flat re- 
lief;—these appear to be the prevailing distinctions of the quarto- 
cento style, which stands out with very marked difference from 
the style immediately preceding and succeeding it. 

Another book which I must not pass by is a fine copy of the 
earliest edition, “ Philiberte de l'Ormés Architecture,” bearing 
date 1567. Under the auspices of Catherine di Medicis, he may 
be regarded as the introducer of the Renaissance into Northern 
Europe. She came of a race eminently distinguished in the his- 
e of art; and the author in his dedication eulogistically refers 
to her as delighting in architecture, and as sketching with her 
own hand the noble palaces which she caused to be erected. 

It is curious to find at this early period the author ing 
over the degeneracy of his profession, and complaining how few 
rue architects there then were. Some self-styled architects were, 
he says, but mere “master masons;” whilst others were but 
geometricians, or men addicted to the literature, but neglecti 
the practice, of their profession. His imaginary portraiture 
the beau-idéal of an architect savours of the quaint, allegorical 
taste of his time. 

He would represent an architect, he says (and there is an illus- 
trative diagram of such a man), with three eyes ;—wvne, for the 
observation of divine things and the works of God; the second, 
for the careful observation of things present and around him; 
and the third, for looking into the future, foreseeing, and so pro- 
viding against, coming evils. He should also have four ears, 
indicating that it more behoves him to listen than to s Four 
hands should be given to him, that he might be the better able to 
do all that is required and expected that he should do; whilst his 
feet are to be winged, pointing out that he must be of quick 
intelligence' and rapid in action. There are many other things 
worthy of observation in this curious volume, bat I must hasten 
on to others. 

I find a volume of original drawings by Carlo Fontana, formerly 
iu the library of Paine, an eminent architect of tbe last century. 
It represents the state at that period of the Coliseum at Rome, 
and Fontana’s supposed restoration of it, with his su, ion, 
certainly not a happy one, for the erection of a church within the 
area of the am Eihentre, to be dedicated to the Christian 
martyrs who suffered there. I need scarcely say that this mono- 
gram on the Coliseum is greatly inferior to that unpublished 
work on the same subject existing in the British Museum, to 
which I directed your attention last week. These drawings of 
the seventeenth century, by Fontana, are very neatly and ably 
executed, quite free from the dry, hard manner prevalent among 
architects at a later date. The lines are in brown, and the 
shadows delicately indicated with a cool, neutral wash, probably 
Indian ink, or some colour equivalent to it. This mode of execu- 
tion was retained throughout the last century, for T find here à 
large folio volume, containing original drawings by Wren and 
others of his time, which are all similarly treated. Some also in 
the volume attributed to Inigo Jones are so executed. f 

The use of a brown outline with cool shadows was, I believe, 
pretty general among English as well as pas E artiste, up to 
quite recent times; and it is perhaps doubtful whether the 
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modern substitution of brown sepia shadows, with Indian ink 
outlines, can be regarded in any respect as an improvement. 

Among the treasures which Sir Jobn considered to be worthy 
of a place in the strong room of his museum, I find a Roman 
miasal of the early part of the sixteenth century, illustrated with 
miniatures of the greatest delicacy by Lucas von Leyden and hia 
scholars. It is worthy of remark that all the architecture and 
ornamentation with which these miniatures are elaborately en- 
riched are throughout very distinctly Gothic in style; late, it is 
true, but without any admixture of Classic taste; and yet this 
artist died in 1533, and was therefore contemporary with 
Raffaelle and Giulio Romano. The co-existence of two schools 
so remote in character and spirit, yet geographically so near, as 
Flanders and Italy, shows how little social intercourse could 
have existed in Europe at that penes. Whilst admitting his 
merits and mapertority to others of his school, Lucas von Leyden 
is described by Fuseli as “ignorant of light and shade in 
maasses;” and his forms are condemned as “lank, meagre, and 
ignoble; and yet this artist was studying and painting within 
what is now a day or two's journey from the easels of Leonardo 
da Vinci, Michael Angelo, and Raffaelle. 

There are, I trust, few here present who are not aware of the 
beautifal work preserved in this same strong closet, known as 
the ‘Commentaries on St. Paul’s Gospel,’ by Marino Grimani, 
illustrated by the beautiful illuminations of Giulio Clovio. This 
work, certainly the gem of the collection, presents a curious 
contrast in its architectural accessories with that to which I have 
just adverted. The style is strictly Raffaellesque, with medal- 

ions and arabesques such as we see in the loggia of the Vatican. 
I cannot pass from this magnificent and almost priceless manu- 
script volume without adverting to the elegaut character of the 
handwriting, When we look upon the beautifully uniform, 
clear, well proportioned, deliberately shaped, and, I wonld al- 
most say, dignified style of the lettering, and compare it with 
the caligraphy of the nineteenth century, in which the words 
look often more like the hasty unmeaning scratches of a bad pen 
than the expressions of a man’s thought and sense, it must be 
admitted that the lapse of three hundred years has brought, in 
this respect at all events, no proveniat whatever. Nor 
perhaps can this be wondered at, when we find, as that eminent 
scholar Mr. Panizzi bas lately proved, the great Bolognese 
peinter, Francia himself, did not think it beneath him to unite 
the study and practice of typography with the highest efforts of 
a most gifted pencil. 

Descending now 100 years, we come to the sketch-book of 
Inigo Jones; not the original book, it is true, but an admirable 
facsimile of it, presented to Sir John by the late Duke of Devon- 
hire, the owner of Inigo's own handiwork. It is not for me to 
dwell on this sketch-book, as it consiste exclusively of studies of 
figures and drapery. Tbe book bears date at Home in 1614, when 
the great architect was about forty years old. I cannot refrain 
here from adding that the motto- which graces the first of 
this sketch-book is “Altro diletto et *imparar! non trovo" (I have 
no pleasure but in acqniring knowledge) a sentiment which 
does high honour to Inigo Jones, and one which should never be 
absent the mind of an artist, be he young or old. Whena 
man has reached the period at which he imagines that he has 
learnt his art, and needs no more teaching, he may rest assured 
that he has fallen fully into the sear and yellow leaf. 

In an evening devoted to the literary bequest of Sir John 
Soane, it seems natural that I should not altogether abstain 
from touching, for at least a few minutes, upon that eminent 
profeasor’s own peculiarities of architectural design. Although 
within these walls we very wisely abstain from the remotest 
criticism on the works of contemporary artists, that salutary 
limitation has long ceased to exempt Sir John's works from the 
free comment of the critic Upwards of a quarter of a century 
has passed away since his death: I have, however, no inclina- 
tion nor intention here to use the lash. I would but remark, 
generally, that a constant endeavour to seek out picturesque 
effects, especially in the design of interior architecture, seems to 
have led to much of that eccentricity of manner which most 
critics are inclined to condemn in his works; although it may be 
found to have resulted in some ingenious combinations, and 
perhaps occasionally in some original conceptions. 

We are apt to attach too great value to that quality, "the 
pictures” The application of the word is somewhat vague. 

t is a word of no very remote origin; for there exists, I believe, 
no word of equivalent value in any classic tongue; and, certainly, 
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there is no trace of any word caloulated to convey the idea in the 
written records of mediseval tinres,—a fact which is perhaps the 
more remarkable, as the quality which, probably more than any 
other, characterises medieval art is this same picturesque. To 
the best of my belief, this word was the invention of the writers 
on art of the period of the Renaissance. Its primary meaning is 
clear, although its application is, as I have said, vague and inde- 
finite. Whatever is especially well adapted for representation 
in a picture is said to be “ picturesque." In that sense its special 
applicability to natural scenery is obvious; but it is also very 
properly applicable to thoee objesi of art which, either from 
d form or colour, or from the PETAN of alee or sett 
that they may present, are particularly capable of bei y 
represented A. picture. Thus, an old or ruined ‘ball ding is 
usually more picturesque than a perfect and new one; for there 
is a hard dryness in straight lines and sharp angles, and a crude- 
ness, and almost harshness, in bright colouring, which cannot 
by the exercise of any amount of ingenuity be made so Pleasing 
to the picture-loving eye as those more undefined lines an 
blended tinta which almoat necessarily characterise a ruin. It is 
finely said by Byron— 


“There is a power 
And magic in the ruined battlement, 
For which the palace of the present hour 
Must yield its pomp, and wait till ages are its dower.” 
And a somewhat similar idea is expressed by another poet—- 
Has moulded into beauty many xi tower: 
Which, when it frowned with all its battlements, 
Was only terrible.” 

There is also a fruitful source of the picturesque in those com- 
binations or compositions of lines of which the result is an 
ensemble or group of forms pleasing, though we know not why 
they please. To dwell on the picturesqueness of medisval art 
would be superfluous, and, indeed, trite; for picturesqueness is, 
A8 I have said, the special and appropriate quality of that style 
of art; the groups of towers and pinnacles, and gables and 
chimney-shafts, which characterise it, are the very embodiment 
of the picturesque. 

Ithink it may be more useful to you to point out for your 
observation how that far simpler and less pretending forms are 
susceptible of this attractive quality when treated by the hands 
of an artist. Itis impossible to stray over that land of art— 
Italy—without meeting at every turn with plain farm-buildings, 
ordinary ] nay, sheds and gateways, of high sesthetic 
interest. Not that they have been purpoaely so designed to 
please, but the old Italian mind seems to bave been so tho- 
roughly imbued with artistic feeling, that they could not help 
imparting it to every common object they touched. Vague and 
difficult of precise definition as this word “ picturesque” is in the 
painter’s art, when applied to architecture it is oertainly still 
more vague. We may readily enough say that monotony, uni- 
formity, and severity of outline are opposed to the picturesque; 
and that freedom and absence from restraint and variety of ont- 
line are circumstances favourable to, and consonant with, the 
picturesque. Yet to say that these latter circamstances are 
essential to its existence, or that the former are unreservedly 
incompatible with it, would be going a great deal too far. 

Can we, for example, venture to say that the Doric temple of 
Minerva at Athens is not picturesque? Yet symmetry and 
severity of outline are its special characteristics. 

So in an ordinary modern London street we may find entire 
absence from restraint, and a superabundant variety of outline; 
for every man builds as he likes, and so variety is carried even 
to excess; yet no one will quote Oxford-street or Fleet-street, on 
that account, as farnishing examples of picturesque architecture. 
In truth, I apprehend that this very favourite but somewhat 
unintelligible word must be classed with the adjectives, grand," 
“beautiful,” and auch like; words which address themselves 
rather to the feelings than to the judgment. Hence it arises 
that in architecture picturesqueness is a very dangerous object 
of ambition; for, if it be sought for by those who cannot feel it, 
there would be imminent risk of their running into ridiculous 
conceit&. Their abortive attempts at the picturesque seem to 
have the same relation to really and truly picturesque composi- 
tions that nonsense-verses bear to real poetry. Each may pre- 
sent the requisite combination of long and short syllables, and 
the legitimate number of them; but the one is empty and un- 
meaning, whilst the other may perchance be fraught with 
sense and genius. 
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Even among fnen who may really have some true feeling for 
the picturesque, there are those to be found who have a sort of 
juan love of it; leading them to an extravagant and morbid 
craving for it, to such an extent, I believe, as sometimes to affect 
even the religious faith of those who abandon themselves to it. 
There are those who can scarcely say their prayers with warmth 
and sincerity, unless assisted by such helps to devotion as the 
architect or decorator may be able to afford; “the dim religious 
ight,” the “storied window richly dight,” and the hierarchy of 

it and painted saints. It may be uncharitable to doubt the 
reality of feeling of such devotions; and we are here all of us too 
well acquainted with, and too much alive to the influence of the 
fine arta upon the mind and heart of men, to doubt their power 
of fostering & genuine religious sentiment; such an influence is, 
indeed, one of their most oenina and salutary effecta. But 
every virtue has ite sham,—there is the courage which needs a 
dram to call it into existence; there is the charity which owes 
its birth to ostentation; and there is, as I have already inti- 
mated, the religious sentiment which needs these external 
melodramatic appliances to stimulate it into active existence: 
its votaries feel a picturesque architecture, and even a pictur- 
esque costume, for their sustenance; otherwise there is reason to 
fear that their pious zeal might wane and wax faint. 

These, however, are but examples of a false and counterfeit 
feeling. Men's minds are curiously and variously affected. 
"There are some more deeply affected by contemplating the lowly, 
unambitious village church, wholly wanting the attractions of 
sculptureeque art, than by 7 gazing up at those vast petrifactions 
of religion which have awed so many generations of worshippers. 

Still, I repeat it, there is no denying the wide prevalence of 
that influence which architecture exercises, be it evidence of 
human frailty, or of the potency of art; and it seems a very 
legitimate exercise of the witchery of art to practise those cun- 
ning devices by which she can be made to elevate the mind or 
touch the imagination. It is in truth the special province of the 
fine arts to do so. The kindred arts of po.try, of music, and of 
painting, have in all ages asserted their dominion over the mind 
of man; and have claimed to bring even his enlightened intellect 
within the sphere of their potent spells. Surely then, architec- 
ture neither abdicates its proper functions, nor forfeits its cha- 
racter for utility, when it aims at exercising over the mind the 
like mysterious influence. 

But if it be true that such power belongs to our art, it behoves 
all who practise it to that power as a sacred trust, and 
not to risk ita character by exercising its influences improperly. 
After all, I believe that the most legitimate and the most whole- 
some exercise of tho power of art is that which is inspired by 
truthfulness of character. Ido not mean that the brewhouse or 
the laundry, when unavoidably furming part of the landscape, 
may not most legitimately have their homely domestic uses 
veiled under some more pleasing forms than those afforded by 
the undisguised smoke-flue or the ventilator; but in buildings 
demanding architectural character I am confident in the opinion 
that, by giving to each the expression that moet befits it, we 
secure for it at least the one great merit of truthfulness of cha- 
racter. The tale that is most truthfully told is usually that 
which most affects us; and although it is not to be desired that 
the conventional forms and structural necessities, which an 
architect has always so largely to contend with, render it vain 
and fatile to attempt to give a building all the expression of 
which the painter's or the sculptors work is susceptible; yet our 
art would little merit the position which it is admitted by all to 
hold as a fine art, were it unable to affect the imagination, and, 
toa certain extent, the passions. It is, I apprehend, more than 
a mere figure of speech to say that a building frowns on us or 
smiles on us, or that it appears to attract or repel us. There is 
in one building a majesty that subdues us, in another a levity 
that even amuses us. There are some buildings of so festive a 
character, that in their very aspect they appear to sympathise 
with us in our joy; whilst others, on the contrary, are of an 
aspect congenial with an opposite tone of mind. 

These are the qualities which constitute character in acchi- 
tecture; and therefore, as I have said before, so do I repeat now, 
the character of his work should ever be one of the chief studies 
of an architect. But I perceive that Sir John's aspirations after 
the picturesque have led me into too long a digression. 

There are other peculiarities in his works on which I need not 
especially dwell; for whatever may have been his faults, they 
have not been imitated by others, and have not therefore in- 
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fluenced his successors either for good or evil. There were so 
many of these Jine or eccentricities in his manner of 
designing, that I am inclined to believe that he was ambitious to 
found a style of his own. Without perhaps venturing to go so 
far as to condemn altogether any such attempt, I would at all 
events say that to found an original style of denies in architec- 
ture would be a task demanding & very high rank of genius; and 
itis an enterprise which I certainly bat fee no man to undertake, 
I believe it was some vague and weak ambition of this nature 
which led Mr. Dance to conceive and execute so unfortunate a 
design as the front of the Guildhall of London. There is a 
tradition that such was his aim. He sought to produce a kind 
of cross between Gothic and Classic art; and the result was 
certainly not such as to tempt imitation, or to enhance his fame 

I am convinced that no novel manner of designing which has 
deserved to be dignified with the designation of a style was ever 
the production of any one artist. It has ever been from the 
force of circumstances that stylea, in one art at least, have gradu- 
ally taken their rise. I need scarcely point out to you how 

tly collateral circumstances and accidental and local 
larities have, at all times and in all countries, influenced the 
changes of style that have taken place in architecture. Of this, 
however, I took occasion in a former lecture to point out to you 
various notable instances, and many others might readily be 
adduced. 

One of the ablest, as well as one of the most recent writers on 
the subject of the so-called Gothic architecture, M. Viollet le 
Due, points to the use of small-sized stones as one of the special 
characteristics of that style; and nearly 200 years previously our 
own Sir Christopher Wren had made exactly the same obeerva- 
tion. Both these writers point out how materially the style was 
modified and influenced by that practice. In the middle 
there were few good roads, and this rendered the cost of the 
transport of stone proportionately high; a cost still more seri- 
ously angmented by the inordinate tolls, private and public, then 
80 often und so extensively, on some pretence or other, levied by 
the landowners, whether lay or ecclesiastical, through whose 
demesnes or territorial limits the stones had to be conveyed to 
their destination. These causes of expense operated to so great 
an extent as to render the materials used in a building usuall 
much more expensive than the labour required in working an 
setting them. Moreover, the want of regular employment for 
men in those times, and the consequent low scale of wages, 
rendered labour a comparatively unimportant part of the cost of 
a building. From hence a state of things arose exactly the con- 
verse of that which exists at present, when the mason is often 
better paid than the clergyman; and when canals, railroads, and 
machinery have reduced the cost of getting and carrying heavy 
building materials to a small fraction only of that which pre- 
vailed in Mediæval times. The former state of things naturally 
led to, perhaps, nearly all the peculiarities of the prevalent style 
of building. There was a lavish expenditure of labour in deep 
undercuttings and perforations, and the intricacies of every kind 
which above all things distinguish Gothic work, and which 
are, in truth, essential to the full and complete development of 
it At the same time, the cost and difficulties of the transit of 
freestone naturally caused the use of it in small blocks, as ob- 
served by Wren and Viollet le Duc, —a result which of course 
tended to encourage those very intricacies and delicacies which 
characterise Gothic carved work in general. Each boas and 
badge and crocket was usually a distinct stone; the capitals of 
the very largest pillars and piers were built up in courses of very 
moderate depth; each course of stone composing a distinct and 
independent band or tier of foliage or other ornamentation, 
whilst the shafts of columns, even in the est structures, were 
for the reasons I have adduced usually of diameters measuring 
but a few inches. 

In making these remarks I am very anxious not to be mis- 
taken as making them with any view, in the slightest degree, to 
the disparagement of any special style. My aim is to show that, 
as the manner of building has always greatly depended on the 
particular circumstances of the time or the place, and as every 
phase of art has varied with the variation of cireumstanoee, it 
seems as useless as, I think, it would be irrational to expect 
permanently to bring back architecture identically to any one 
past phase of the art, unless we can resuscitate and bring about 

in all the concomitant circumstances to whose influences that 
phase was due, and restore to it its special character, —a resusci- 
tation which, I think, we may regard as of necessity impossible 


May 1,1582) 


At all periods of our art every style has, in short, been the 
type of its own age, the result of that particular period which 
gave birth to it. The Byzantine style, for example, was the 
result of the grafting of an Oriental element on the Classic stock 
at a particular period of its existence. Had Byzantium suc- 
cumbed to the West at an earlier stage of Classic art, the re- 
sultant style would probably have assumed a very different 
aspect. Again, had not Peter the Hermit preached the Crusades 
at the particular period when a great esthetic energy was 
developing itself in some parts of Europe, the aspect ultimately 
assumed by Mediæval architecture might, rhaps, have been 
very different from that which in fact prevailed: t is the stage 
of civilisation which a people may have reached, and the condi- 
tion they may happen ts be in, that determine the effect upon 
the arts of any great historical event. To expect, therefore, to 
revive successfully in its integrity any style ofart, under circum- 
stances wholly different from those which gave birth to that 
style, would be to entertain an expectation inconsistent with the 
experience of all past time. 

e may very easily repeat to any extent the examples of any 
period we may fancy: but such repetitions, although it is occa- 
sionally,—indeed, far to often,—the fate of an architect to be 
called upon to produce them, are mere travesties, artistic whims, 
so to speak, the relish for which on the part of the public taste is 
by no means indicative of a well-founded or sincere love of art; but 
suggestive, rather, of the caprices of an unformed, puerile taste, 
which takes up or tosses away a style as a child would its toys, 
jast as the fancy of the moment or the caprices of fashion ma 
dictate. I have thought it well to say so much, even at the risk 
of being reminded, perchance, that I am but repeating what I 
may already in another form, and on some former occasion, have 
ventured to say. 

Iam anxious to urge upon you, with all the emphasis I can 
command, that the modern tendency to repeat and perpetuate 
old forms, and thus to live, as it were, upon the wits of our pre- 
decessors; or, I might say, to feed upon the réchauffées of the 
past; is a mischievous tendency when carried to excess, destruc- 
tive of progress, and leading inevitably to debasement. I would 
not, then, have you to look with indiscriminating reverence on 
the architectural productions of past times: let those productions 
be ever judged with reference to their age, and to the contingent 
circumstances of their existence. 

In many respects the present age with justice may lay claim 
to the merit of having advanced as time has advanced. It has 
with truth been said, that such has been the moral advancement 
of education and intelligence, that a poor child in a Sunday- 
school is in some respects better informed than the sages and 
philosophers of antiquity; and certainly much of what was called 
acience by our forefathers has proved to be but foolishness. 
Nevertheless, we must admit that no such progress appears to 
have been made in esthetical culture. Excellencein that branch 
of moral cultivation would seem to be independent of those cir- 
cumstances on which excellence of most other kinds depends, and 
to follow some different law. Ona former evening I adverted to 
the apparent anomaly, that in the twelfth century, ata time when 
all Christendom was wrapped in the grossest state of moral and so- 
cial tyranny, at that very period there existed in France a school of 
art which was then commencing to produce works which may at 
the present day be regarded as equal to those of the best days of 
antiquity. 

Again, sculptors, as well as architects, are now in the nine- 
teenth century, endeavouring to rediscover the oldest principles 
of art; and to emulate, although longo intervallo, the works of 
artists who lived twenty-four centuries ago. We may seek illus- 
tration, too, in still another quarter. In Arabia a faith sprung 
up in the seventh century which deluged Europe with blood, and 
tended to inculcate a gross sensual system,—a faith which has 
raised the most formidable barriers against the moral improve- 
ment and civilisation of mankiud; yet it was to the followers of 
that very faith of Mahomet that we owe some of the most grace- 
fal works that architecture has yet produced, as well as one of the 
most beautiful styles of ornamentation that human taste or 
ingenuity has yet devised. In short, we get bewildered in a 
labyrinth of contrareties when we seek to assign the sources 
from whence has arisen that perception of beauty which consti- 

tutes fine taste. 

However charmed, therefore, we may be by those manifesta- 
tions of genius which past times afford us, our reverence for them 
need not be indiscriminate. We should endeavour to search out 
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what is beautiful and worthy of our admiration and study; un- 
influenced, as far as as our weak nature will permit, by local, 
national, or sectarian prejudices. 

It is from the high Mox und of modern civilisation that 
we should pass in review before us the work of all preceding 
time, and of every creed and clime; not, however, by any means 
with a feeling of self-satisfaction or assumed superiority—for he 
must be, indeed, in a hopeless state who is not fully sensible of 
the inferiority of the present to the past in very many respects— 
80 far, at least, as art is concerned; but rather let a due reve- 
rence for the works of past times be minglel with a sense of 
gratitude that so rich a storehouse of experience, has been laid 
up by them for our use and benefit; and let us demonstrate our 
thankfulness by devoting all our energies, not to a dry, anti- 
quarian, pedantic imitation, but toa painstaking endeavour to 
improve ourselves by searching out and studying those principles 
which may appear to have led artists of past times to so great ex- 
cellence. Principles, remember, never change. To adopt, in 
conclusion, the language of a former eminent president of this 
Academy—language which, applied as it was to his own par- 
ticular branch of art, seems, nevertheless, equally applicable to 
all art—“ There may," he says, “be new kombina iiaae, new 
excellences, new paths, new powers, but there can be no new 
principles in art.” It is to the exact understanding of these, 
therefore, that our best energies should be directed. 


— 


INSTITUTION OF CIVIL ENGINEERS. 


March 18 and 25.—The paper read was “ Description of the Works 
at the Ports of Swansea, Silloth, and Blyth.” By James ABERNETHY, 
M. Inst. C.E. 


The suthor stated that he proposed to give an account of the past and 
present history of these porta, so far as it possessed engineering interest, 
and to describe the works connected with them, rather with a view to 
the elucidation of general principles, than of entering into matters of 


detail. 

The part of Swansea was situated in the centre of an extensive bay, at 
the embouchure of the river Tawe, up which the tide flowed for a dis- 
tance of three miles; but as the ordinary flow of the river was trifling, 
the maintenance of the channel was chiefly dependent upon the ebb and 
flow of a large body of tidal water between the piers. Previous to tho 
year 1791, there were only a few insignificant wharves near the mouth 
of the river, and there was a bar at the entrance over which the depth of 
water did not exoeeed from 16 to 17 feet at s tides. The effect 
of the construction of the piers, which still remained as they were com- 

leted in the year 1800, from the designs of Captain Huddart, F.R.S., 
bad been to lower the bar and to drive it further out to sea; Bo that in 
1831 the depth of water had been increased to 20 feet. The eastern 
pier was 1340 feet, and the western was 580 feet, in length. The author 
then alluded to the report submitted to the Harbour Trustees by Mr. 
Telford on the 5th of February, 1827, in which he recommended that 
the old and a pfoposed new channel of the river should be converted into 
floata;—aa vell a8 to the opinions of several other engineers, including 
Mr. Jesse Hartley, who, in 1831, suggested that & new cut should be 
made for the river, which was to be ‘‘ canalised" by the construction of a 
weir across the mouth, and that the town reach should be appropriated 
to a dock and half-tide basin. In the following year Mr. Hartley, in a 
further report, adhered generally to his former plan, but advised, in 
addition, the deepening of the harbour by ing. Fortunately, in the 
author's opinion, the works for the ‘‘canalisation” of the river were not 
carried out. A new channel was, however, commenced in 1840, and 
completed in 1844, at an expense of £23,000. Its effect had been to 
leasen the risk to shipping, and, by giving a better direction and greater 
force to the outgoing current, to improve the navigation. In 1845, Mr. 
Rendel was consulted as to floating dock accommodation; and under his 
direction the construction of an entrance with a double cill was pro- 
ceeded with, as a preliminary step to the conversion either of the river 
or of the town reach into a float; but of this work the masonry alone 
was executed. 

In his first report to the trustees, in February 1849, the author pro- 
posed the formation of a dock on the site of the town reach, or old bed of 
the river. It was subsequently determined to construct a dock and half- 
tide basin, of the respective areas of 11 acres and 2] acres; with a 
lock entrance to the dock, 160 feet long and 56 feet wide, and an en- 
trance to the half-tide basin, 60 feet in width, having a depth of water 
over the cills of 22 ft. 6 in. and 25 ft. 6 in. at high-water of ordinary 
spring tides. A small lock connected the Swansea canal with the float, 
and another, at the head of the float, communicated with the various 
works on the banks of the river above. A small dock leading from the 
float, with an extensive range of warehouses round its margin, was also 
constructed at the same time, for the Duke of Beaufort. The works for 
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the lock and float were commenced in November 1849, and completed 
in December 1851; those for the half-tide basin were begun in 1856 and 
were finished early in 1861. The total cost of these works, exclusive of 
the quay walls, had amounted to £95,688. In addition, the lower por- 
tion of the river to the pier heads was straightened, and both it and the 
new cut were deepened by dredging. By these means the depth of the 
entrance channel been increased 4 feet since 1850. There was no- 
thing peculiar in the construction of the works, but their execution was 
attended with some difficulty, as a large portion had to be performed by 
tide work, with as little interruption aa possible to the trade of the port. 
The foundations varied from hard concreted gravel to soft sandy clay, 
extending to a considerable depth. 

The most important work connected with the port of Swansea was the 
range of floating dock acoommodation called the South Dock, which was 
formed on the foreshore of the sea beyond high-water mark. An act 
was Obtained, in 1847, for the construction of this dock, according to & 
design furnished by Mr. T. Page, M. Inst. C.E. In 1850, the author 
was requested to make the necessary plans for & trumpet-mouth entrance 
basin, having an area of 3 acres; for a half-tide or outer dock entrance, 70 
feet in width, with a single pair of gates, having a depth of water over 
the cill of 24 feet; fora half-tide basin, or outer dock, containing an area 
of 4 acres, with a depth over the cill of 25 ft. 6in.; for an entrance lock, 
300 feet long and 60 feet wide, divided by intermediate gates so as to 
form a greater or smaller lock, with an average depth over the inner cill 
of 22 ft. 6 in.; and for a dock having an area of 13 acres, with a depth of 
24 feet. Considerable progreas had been made with these worka, when 
they were suspended, in 1855, for want of funds. They were reaumed 
in 1857, and were completed in 1859, at a total cost of £169,073. One 
of the first operations was the formation of an embankment to exclude 
the sea. Careful observations showed, that the main action of the sea 
and the set of the tides were to the eastward, towards the Mumbles 
headland. It was therefore decided to construct a series of timber 
groynes, at intervals of 1500 feet, extending from the shore to the line of 
the proposed embankment. Rough boulder gravel, found immediately 
under the sand and the made ground, was tipped between the seaward-ends 
of the groynes, until a shingle beach of great depth was gradually formed 
which served as a face to the embankment, and proved an effective bar- 
rier to the encroachments of the æa. The centre of the embankment 
was composed of the clay and peat found in the excavations, so that 
something like & puddle dyke was formed, and very ordinary means 
were sufficient to keep down the accumulation of water within the works. 
When the sea embankment had advanced some distance, the masonry 
of the dock walls was ed with. These walls consisted of 
rubble, with coursed rubble facework to a height of 2 feet below 
the general level of the surface of the water in the dock. They were 
faced in the upper with ashlar, projecting 3 inches beyond the 
rubble facework. y were backed with the lightest and driest 
material that could be procured, in layers forming an angle from 
the wall; and rubble drains, with pipes for carrying off any spring or 
upland waters, were placed at intervals in the walls. In no instance 
had any failure taken place, although the walls were subjected to & severe 
teat; inasmuch as they were nearly completed when the works were sus- 
pended, and on their resumption, the dock and outer basin were found to 
have beoome filled with water. Details were then given of the lock and 
entrance, from which it appeared that they were constructed generally 
with elliptical inverted arches of rubble, the quoins and floors or plat- 
forms being of sandstone ashlar, obtained from the coal measures in the 
neighbourhood. The pointed cill stones and the hollow quoins were of 
greenstone and syenite, from the Carling Nose and Barnton Mount 
Quarries, near Edinburgh. The cill stones were carefully toothed and 
bonded into the floor stones, so as to avoid a long straight joint. The 
reoeas and side walls were of rubble, with ashlar facework in the upper por- 
tion similar to the dock walls, but the wing walls were faced throughout 
with ashlar. The filling and discharging culverts were of brickwork. 
The sluice frames and paddles were of cast iron, faced with brass. 
In the lock and entrance gates, the heel mitre posta and the lower rib 
were of the beat teak and Engish oak, and thes riba and planking were of 
pitch pine. Across the lock there was a swivel bridge in one leaf, con- 
sisting of two wrought iron tubular girders, with a superstructure fitted 
for railway or road traffic. There being no backwater, the waste from 
lockage was supplied by a steam centrifugal pumping engine of 24 m. P. 

The successful application of hydraulic power for working the usual 
hand gear at the float lock, and at the lock at Newport dock, with much 
heavier gates, determined the author to adopt the same plan at the new 
dock entrance, as in case of any accident happening to the hydraulic 

i tbe usual means were then always available. As it was of 
the utmost importance in the shipping of Welsh coal, that as little 
breakage as possible should take place, the hydraulic drops, or hoists, 
were so constructed as to deliver the coal into the hold of any class of 
vessel immediately at the hatchway; allowance being also e for the 
difference in size of the broad-gauge coal waggons, the weight of which 
varied from 14 to 19 tons. The various machines employed for opening 
and shutting the gates, bridges and sluices, for working the capstans, for 
discharging ballast, and for loading coal, as well as for the shipping and 
discharging of general cargoes, were upon Sir William Armstrong's 
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hydraulic system, having accumulators equivalent to an effective pres- 
sure of 750 lb. per square inch. High pressure direct-acting steam 
engines of 80, 30 12 horse power were used at the Swansea 
Docks; the distribution of power being regulated by self-acting ar- 
rangements in connection with the accumulators, apportioned in each 
case to the powers of the machines at erected. At the float 
lock, each line of shafting waa driven by a small water pressure 
engine placed near the middle, but owing to the length of the lock 
at the new dock, and other minor circumstances, the line of ing was 
broken, and waa driven by two separate hydraulic engines on each side of 
the luck. The time employed in opening or in closing the gates was 
about two minutes and a half, which was ae great a speed as could be 
adopted with safety to the gates. The sluices were worked direct by a 
piston and plunger placed immediately above them. The wronght iron 
swing bridge was turned in and out by means of two hydraulic cylinders 
acting in opposite directions, and attached to a drum beneath the bridge 
by means of a chajn. The bridge could be opened or shut in one 
minute anda half. The ballast cranes were each capable of discharging 
from 350 to 400 tons per day. Coal waa brought up for shipping on two 
ns, And in 
the other in wrought iron boxes with false bottoms, each holding 24 tons, 
and four being placed upon one truck. About 1000 tons per day could be 
shipped by each machine; and both could deliver the coal on board at æ 
faster rate than the ‘trimming’ in the hold of the vessel could be accom- 
plished. The machine for delivering the coal from boxes was placed 
above that for discharging the end-tipping waggons, and both were oom- 
manded by one man. By this combination, a cone of coal could be 
formed in the hold of the vessel, by lowering the boxes through the 
hatchway, and then, upon this cone, the remainder could be delivered 
from the shoot in connection with the waggon-tipping arrangement. 
Details were then given of the mechanism by which the hoists were 
worked, from which it appeared that when a loaded waggon was run on 
to the rails of the tipping frame, the cradle on which it rested was 
either raised or lowered to the level of the shoot, as might be necessary, 
having a range of 21 feet for that purpose. The catches of the waggon 
door were then knocked out, and the preesure applied to the tipping 
frame. The empty waggon was brought back to the point where the 
rails of the traverser on the cradle and the staith met. The catch secu- 
ring the traverser to the cradle was then liberated, and the was 
allowed to run down to the return line, on to which it was puabed. The 
traverser waa next esc back to the cradle by a am and lowered to 
the point de -acting stops, where waggons were 
takar oni The syste pursued in discharging from the boxes was tben 
minutely described. 

With respect to the work performed by the hydraulic machinery, and 
its cost, it seemed that, during the year ending October 1800, the actual 
expenditure for engine power had been £22 16s. 1d. per week, or at the 
rate of 0°26 of a penny per cubic foot of water used for preesure. The 
cost of working was, by the cranes 9-lO0ths —by the combined drop 
5-10ths, — and by the waggon drops 4-10ths of a penny per ton. But inas- 
much as the engine power was never fully employed, this statement must 
not be received as conclusive, as regarded the capabilities of the machinery. 
With the 80 H. P. steam engine, it was believed that 100,000 cubic 
feet of water could be pumped per week, at a cost of £30, or at the rate 
of 0:072 of a penny per cubic foot of water; and that of this Papa 
80,000 cubic feet would be available for working the cranes and the coal 
drope, at & cost for the hydraulic power alone of about one farthing and 
one-seventh of a penny per ton respectively. 

The commercial effect of the construction of the dock works and of 
the general improvement of the harbour was shown by the great increase 
in the tonnage of vessels frequenting the port. In 1851, on the com- 
petion of the first, or north dock, this amounted to 269,454 tons only. 

n 1860 it was 582,855 tons, and during the year 1861 the foreign ton- 
nage had increased 10 per cent., and the trade was likely to extend, owing 
to improved communications with the steam coal and the iron-producing 
districts, as well as with the heart of the kingdom. 

As a detailed description of the works constructed at the entrance of 
the port of Blyth had already been communicated to the Institution by 
Mr. M. Scott, M. Inst. C.E., the author only alluded to the change which 
had taken place in the condition of the channel since the year 1854. It 
was then exceedingly tortuous, in many placea dry at spring tides, and 
the entrance was obstructed by a spit of sand. As the channel ran for 
its entire length parallel with a lee shore, exposed to the direct action of 
north-easterly seas, scarcely a winter without vessels being 
wrecked on the beach on the southern side. To remedy these evils, an 
eastern breakwater, 4500 feet in length, and a western -tide training 
-wall, 4000 feet in length, had been constructed, and the channel had been 
straightened and deepened by dredging, ata total cost of £67,320. In 
designing these works, the author was guided by experience obtained st 
Aberdeen harbour, the entrance to which was similarly situated. The 
result of the construction of the worke at Blyth was, that the outgoing 
current had been increased to a velocity of 5 knots per hour at ita greatest 
strength, whereas formerly it was lost immediately on passing the line of 
the foreshore. The bar, or spit of sand across the entrance, had been 
entirely removed, and there was now a depth of 8 feet or 9 feet at low 
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water immediately opposite the breakwater. The depth throughout the 
channel had been increased 4 feet, and vessels, after passing the break- 
water, were effectually protected from the action of north-easterly, or 
onshore gales, 

In the year 1854 an act waa obtained, after considerable opposition in 
Parliament, for the construction of works at Silloth, on the Solway Frith, 
design of which was stated to be due to Mr. John B. y, 
M. Inst. C.E., although the direction of their execution waa entrusted 
to the author. The works comprised a pier or jetty, 1000 feet in length, 
on the seaward side of the dock entrance;—an entrance channel parallel 
with the jetty, 100 feet in width at the bottom, which was generally 16 
feet below 
and 


Ẹ 


jecting 400 feet beyond high-water mark, and inclosing the 
entrance to the dock, which was 60 feet in width, with a depth of water 


heavy westerly seas. 

The objections which were urged against the scheme were then stated, 
and contrasted with the results which had followed the completion of the 
works, It was considered that the flowing current might be deflected to 
the English side, and would there form the principal navigable channel; 
and it was believed that, if a training work was constructed below Annan 
Point, accretion would take place on the upper part of Powfoot Sand, 
and a constant navigable channel would be maintained from Annan to 
Silloth. The works indicated that great care must be exercised in pro- 
jecting solid moles from the foreshore of an estuary on any sandy coast, 


as an entrance to ports. The sea channel formed inside the jetty had . 


proved successful, and its maintenance was no longer a matter of doubt, 
as tbe depth and the sectional area remained the safne as on its first 
formation two years back. With respect to the construction of the docks, 
by the aid of wells sunk on the aite of the works, and a moderate degree 
of pamping power, the sand and gravel of which the excavation con- 
sisted were drained, and by the aid of sheet piling and concrete no 
difficulty was found in making good foundations. 

The entrance gates, cranes, and coal hoiste were worked by hydraulic 
machinery, similar to that at Swansea and at Newport, except that the 
coal hoists were exceptional, and deserved special notice, as involving the 
question of the relative capabilities and advan of a high or low level 
system for loading coal. e author believed, that although there might 
be situations where the former system must be carried out, yet that at 
such places as Silloth and Newport the low level system was superior, 
both for convenience and economy; asthe coat of high level erections was 
avoided, siding accommodation oould be afforded with greater facility and 
at less cost, while the quays were unencumbered, except by the spaces 
required for the hoiste. The quantity of coal that could be put on board 
was only limited by the amount that could be trimmed in the hold of the 
veasel. The cost been found to approximate to that at Swansea, 
one ing per ton. The hoists, which were constructed to receive both 
tipping hopper waggons, were then minutely described, and it was 
stated that the total cost of the works which had been executed at Silloth 
from 1856 to 1859, had amounted to £122,000. 


April 1.—The first paper read was on “ Railway Accidents, —their 
causes and means of prevention, showing the bearing which existing legis- 
lation has upon them.” By James BRUNLERS, M. Inst. C.E. 

The author proposed to treat the subject by dealing with the facts aa 
they were, the causes of accidents being in nearly all cases sufficiently 
apperent; he would not therefore attempt by theory to establish rules 
for their prevention. From the reports of the officers of the Board of 
Trade it appeared that, during the seven years from 1854 to 1860, the 
number of accidents amounted to 540, as the result of 1274 distinct causes. 
Of these accidents 11 per cent. were attributed to the permanent way, 7 
ver cent. to the rolling stock, and 76 per cent. to the management, inclu- 

ing insufficient means for securing safety, leaving only 6 per cent, as 
hot ascertained. 


The accidents due to the t way were then referred to in de- 


il, and it that the general defects were most evident in the 
atem of ting, of joint-fishing, of turning the rails, and of fastenin 
chairs to the aleepers. With to the ballast, it was argu 


hat it would be found economi to have at least 6 inches, or 9 
inches of rough gravel, or broken stone, as a free draining bed to the 
“pen and to the “top dressing;" and that, during the months of Sep- 
tember and October, an extra number of men should be employed to 
drain the baliast and beat up the road, in order that it might become 

I consolidated before the winter's rains and frost set in, and thus avoid the 
j evil effecta of frost on wet ballast. It was urged that the plan now in 
! general use, of placing the fish-joint between two sleepers was objec- 
tionable, as the ends of the rails were unsupported except by the fish-plates, 
which together were frequently only equal to two-thirds of the section of 
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the rail. It was submitted that all the joints should be fished directly over 
asleeper, or that a bracket chair should be used. The practice of turning 
the rails was condemned, because when a rail was so much worn as to re- 
quie turning, ite h was generally so reduced as to render it unfit 
or main line traffic. With regard to the fastenings of the chairs to the 
sleepers, it was urged that it was desirable that iron spikes only should 
be employed on the outer side of curves, or else that the chair should be 
partially sunk into the sleeper, to lessen the strain on the treenail. The 
superior economy of steeled, or partially steeled rails, points, and 
crossings, was also incidentally noticed. 


In reference to the accidents which had arisen from defective, or ne- 
glected rolling stock, it was found that many of the fractures had occured 
during the winter months, owing, possibly in some degree, to the rigid 
state of the '* way" in frosty weather; whilst others were due to the use 
of bad iron, and some to defecta either in the welding of, or in the mode 
of attaching the tyres of the wheels. Steel, or the partially steeled, tyres 
were now, to a certain extent, in use, and tyres formed of a continuous 
ring, or unwelded pies of metal, were also successfully employed. 
Several new meth of fastening the tyres had proved aa fruitful of 
mischief as the ordinary plan of simply shrinking them on, though others 
had been found to be efficient; and it was said that on some lines the 
tyres had not failed to any great extent. The author hoped, that the im- 
portance both of the tyres and of the axles of wheels would lead to a 
useful discussion on this branch of the subject. The usual want of uni- 
formity in the main features of the carriage portion of the rolling 
stock was then commented upon: and it was considered that this variety 
not only increased the oost of manufacture and of maintenance, but was 
often the cause of accidents, and frequently contributed to render them 
disastrous. The author thought that the carriages should be nearly uni- 
form in size, and that the buffers should, in all cases, be the same height 
above the rails. The longitudinal beams should be in the same line 
throughout, be strong in themselves, and the framing securely braced. 
The present coupling in the centre should be increased in strength, and 
the whole attachment between the carriages should be such as to render 
a train in effect, as far as practicable, as one carriage, with a certain 
amount of flexibility; so that in the event of collision, the carriages 
should retain their position, instead of rising upon one another ; and 
if an axle or a wheel broke, the crippled carriage should be partially 
borne up by the neighbouring carrisges unti! the train could be stopped. 

On tbe question of management, after some remarks upon the speed 
of trains, it was shown that by punctuality both in the time of startiny 
and in the rate of running, safety, so far as human foresight was con- 
cerned, was ensured. The system of working the traffic of a railway by 
allowing an interval of time between the trains was deemed unsatisfac- 
tory, and far inferior to the system of an interval of space. The acci- 
dents arising from the irregularity of excursion trains were then alluded 
to, and it was remarked that if during the summer and autumn the 
ordinary trains were run at lower rates of fares, the traffic would be 
increased, as the public would feel greater security in travelling. The 
difficulty in running coal or mineral trains to a fixed time-table might be 
met by a more general use of the electric telegraph, and by a better 
system of signalling arrangements. During the seven years from 1854 
to 1860 inclusive, eighty-eight accidents happened from inefficient sig- 
nals, of which fourteen occurred in 1860. In some cases, especially at 
sidings, there were no signals; in others they were defective in form, or 
were improperly placed. It waa desirable that junction signale and points 
should be worked, simultaneouely by one man, and at junctions separate 
main and distance signals should be provided for each line, If the 
system of working the traffic by the electric telegraph was generally 
adopted, and the line was divided into sections, so that a train should be 
prevented from entering any section until the preceding one had passed 
to the section in advance, collisions would be impossible, except those 
liable to arise from disregard of the signals, and a proper interval would 
be secured between the trains, in spite of unpunctuality. As the want of 
a means of communication between the engine-driver and the guard or 
conductor had frequently been experienced, and as plans were in daily 
use on several lines, there was no reason why it should not be adopted on 
All To render it fully effective, the guard or conductor ought to start 
the train from each station by means of that macniney, 80 as to prove 
that it was in working order. Owing to the general high speeds and 
heavy trains, it was of the utmost importance that ample break power, 
capable of being applied in the least time, should be provided with each 
train. It was a question how far a y distributed retarding force 
acting at the same moment on all the wheels, might not be preferable to 
a concentrated force applied at particular points. By the system of 
* continuous breaks,” the employment of several men with each train 
was unnecessary. It had also another advantage, that a train was more 
under control, and could be stopped in & shorter distance. The negli- 
gence of servants, arising from their ignorance or inefficiency, was next 
adverted to, and it was thought to be due to the pay being too low to 
command the services of men of intelligence, steadiness, and self-reliance. 
Frequently they were insufficient in number, leading to overwork, and 
instances were on record in wbich engine-drivers had been employed for 
seventeen hours daily, and in some cases for twenty-six and thirty hours 
continuously. 
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The author proposed’ leaving the bearing of existing legislation upon 
railways to be dealt with by Captain Douglas Galton. He would, how- 
ever, observe that Government interference was not likely to render rail- 
ways safer, or more available to the traveller; and that it would be 
better to rely on the consideration and calm reflection of those imme- 
diately interested in these enterprises, especially as, from the heavy 
expenses attendant on'accidenta, directors and shareholders would natu- 
rally desire to render this mode of travelling as safe as possible. 


The second paper read was on ‘Railway Accidents." By Captain 
Dovcras Gatton, R.E., F.R.S., Assoc. Inst. C.E. 

It was stated that the length of railway communication opened in the 
British Isles at the end of 1860 was 10,433 miles, upon which 163, 435,678 
passengers were conveyed in that year. From official returns it appeared 
that during the seven years ending the 31st December, 1860 there were 
116 passengers killed, and 2832 injured from causes beyond their own 
control From the sums paid by railway companies for compensation it 
waa calculated that an insurance of one twenty-fourth part of a farthing 
per passenger per mile would, on the average of all linee, cover the cost, 
of railway accidents. It had been found impossible to obtain reliable 
informa ion as to the number of coach accidents in this country. But 
the returns of the ‘Messageries Impériales' showed that in a series of 
years the number of passengers killed and injured, from causes beyond 
their own oontrol, was 1 in 28,000. From the latest comparative returns 
the number of killed and injured was, on British railways 1 in 
334,000; on Belgian. railways, 1 in 1,600,000; on Prussian railways, 
lin 8,000,000; and on French railways, 1 in 4,000,000. The greater 
comparative safety of foreign railways was traced to differences in the 
conditions of the traffic and of the management, as well as in the habita 
of the people. 

In endeavouring to elucidate the question whether any of the aocidenta 
which had occurred could have been prevented by reasonable precautions, 
the first point which arose was, the extent to which the amount of traffic 
on the several lines influenced the number of accidents. The general 
averages thus obtained showed that lines of small traffic were compara- 
tively safe. But as traffic alone did not determine the number of accidenta, 
it was necessary to analyse the causes in detail; taking first those which 
could not be guarded against; and secondly, those which were within the 
control of the managing or working staff. During the seven years before 
referred to, 534 accidents to trains had been reported upon by the inspect- 
ing officers of the Board of Trade, in which 2912 passengers were killed 
or injured. In many of these cases there had been more than one con- 
tributing cause, but the majority might be thus tabulated :— 


Cases in which the Acci- 


3 oS  ||Bdents were due to Causes 
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i g £ PLI Management. 
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Accidents from Engines 
and Carriages leaving 
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of Machinery ......... | 
Collisions of every de- 
scription.................. | ota) 2088 16 sca arf a 


These figures showed that a large proportion of the so-called accidents 
were due to preventible causes. Those ¿rising from the fracture of axles 
&nd tyree, and from engines and i leaving the rails, were lees than 
vne-half of the number which could not have been guarded against. But 
out of the 319 collisions only 16 were attributable to purely accidental 
causes, whilst 183 were assigned to the negligence of inferior servanta, 
aud 120 to the manner in which the traffic was conducted, and which 
ought not therefore to bave occurred. 

With regard to the first class of cases, accidente which could not have 
been guarded against, the author remarked that the best form of tyre for 
a railway wheel had not yet been definitely settled. The wheels and 
axles could scarcely be said to be mechanically satisfactory; the form of 
break in use was also imperfect. Although simple negligence could not 
be entirely prevented, yet in several cases the negligence had been attri- 
butable to the defective arrangement of the company in permitting points- 
men and engine-drivers to be habitually over-worked. Those accidents 
which arose from trains ing on to a wrong line through facing-pointa, 
might not have occurred if an indicator had been attached to the pointa 
to show in which direction they were set. The comparatively small 
number of accidents from negligence alone afforded strong evidence of 
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the efficacy of the direct responsibility of the inferior servants. A few 
instances were then cursorily alluded to in illustration of those accidents 
which were wholly or partially attributed to defects in the condition of 
the railway or the vehicles, or to the absence of the requisite auxiliaries 
to safety, such as signals, breaks, &c. It was observed, that it was not 
for want of good rules that accidents occurred, but for want of a oon- 
tinued enforcement of those rules, and a close examination into the details 
of the manner in which the traffic was worked. 

The discussions which had taken place on this subject in Parliament, 
both in 1853 and again in 1857, were then considered, and the conclusion 
was arrived at that freedom from railway accidents was not to be obtained 
by Government interference, but by an effective and responsible internal 
management, which would enforce the greatest punctuality and care in 
working the traffic, and maintain the strictest discipline amongst the 
servants employed. 

The existing law affecting railway companies as carriers was then 
alluded to; and attention was next called to the principle of compensation 
for injuries sustained, Lord Campbell's Act being specially cited as the 
parliamentary recognition of that principle. It was said that this act 
removed a technical difficulty in the way of recovering compensation, 
rather than gave & new right to compensation. The money payment 
thus provided operated as a punishment, and tended to prevent the com- 
mission of careless acts. Compensation might, therefore, be looked upou 
partly as a penalty upon the company for ita corporate carelessness, and 
partly as a remedy to the sufferer for the injury received. If viewed as 
a remedy it should be such as to tend to prevent a recurrence of the act 
for which punishment was awarded. It should, therefore, depend on the 

of blame which attached to the management for the accident, and 
it should be equally certain and just in ita operation. In its aspect as a 
remedy it should be easily recoverable by the sufferer. As at present 
levied it did not properly fulfil either of these conditions, for reasons 
which were stated. Assuming that such a maximum amount was fixed 
upon as would fairly compensate the generality of passengers, according 
to the class in which they were travelling; and assuming that it were 
made payable in the case of every accident which occurred beyond the 
control of the passengers, without there being any obligation to prove 
negligence, the author was inclined to think that the fine would be 
rendered more oertain in its operation, but that as a preventive the effect 
of the alteration would not be appreciable. The true remedy against 
railway accidents lay, in the author's opinion, with the railway companies 
themselves. Improved management would be greatly assisted by placing 
at the head of each railway a director of adequate capacity, responsible 
to the board for the ment of the concern, who sho i 
to devote the whole of his time to ita interests, and be paid in proportion; 
by giving the chief officers of the railway control of, and aking them 
responsible for, the several dej ents, so that they might be held 
answerable for thé results; and by providing a gradation of responsibility 
throughout all the employés. Improvements in the machinery and system 
of working might be promoted by the formation of an association 
amongst railway companies, embracing the objects of the association be: 
tween the German railway companies, and of the association between 
manufacturers near Manchester, for the prevention of boiler explosions, 
It waa doubtful however, whether such an association could become of 
any practical utility in this country, unless it assumed the form of an 
association for the purpose of mutual insurance against accidente, 
managed by & board of railway officials, chosen from the associated 
companies. f 
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THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PARIS OPERA HOUSE.* 


Section TI.— Ballet. 
77.—(1) The room of the first ballet maater. 
(2) That of the second ballet master, and of the inspector. 
PRINCIPAL MALE PERFORMERS (Sujete hommes). 

(3). Actors (mimes) and dancers of the first class; six dressing 
rooms. 

(4) Substitutes (doubles) and second-class dancers; six or eight 
dressing rooms. 

(5) A store for dresses (about 15 to 20 metres); and, pertaining 
to this store, 
(6) A place for the dressers (4 men). 
(7) That of the hairdresser, as large as a small dressing room. . 

PRINCIPAL FEMALE PERFORMERS. ! 

(8) Principal female dancers (premiéres danseuses) four rooms, 
(9) Second danseuses of the first class, eight rooms. 

(10) Second danseuses of the second class, twelve rooms, : 

(11) A store for dresses (about 25 to 30square metres); and, 
pertaining to it, 

(12) Accommodation for the dressers (6 women). 


* Concluded from page I11. | 
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(13) Accommodation for the hairdresser, of the size of a small 
dressing room. 

(14) Accommodation for the shoemaker, which ought to be 
provided near the rooms of the principals and the ladies of the 
corps de ballet, and to be large enough to allow three or four per- 
sons to try on their shoes there. 

CORPS DE BALLET.—MEN. 

(15) A dressing room for eight leading dancers and actors 
(danseurs chorypheés et mimes), or two rooms for four in each. 

(16) A room for the eight dancers of the first quadrille. 

(17) A room for the eight dancers of the second quadrille. 

(18) A room for the sixteen pupil dancers comprising the 
third quadrille. The first and second quadrille may be united 
in one single room. The dressing rooms of the ballet dancers 
should have proportionately the same dimensions as those of the 
male chorus singers, and like them should be divided into boxes 
by partitions. These compartments should be a little more 
roomy in the case of the leading dancers, and should form a 
species of small room for each one. 

(19) A dressing room for twelve pupil children, only casually and 
occasionally occupied, and consequently capable of being more 
removed from the stage, and more contracted than those in 

ar use. 

20) A store for dresses, placed as far as possible in the centre 
of the group of dressing rooms, and communicating readily with 
the central wardrobe: 20 to 25 metres. 

WOMEN. 

(21) A dressing room for 16 leading female dancers, or pre- 
ferably two rooms for eight each. 

(22) A room for 16 dancers forming the first quadrille. 

(23) A room for 16 dancers forming the second quadrille. 

(24) A room for 16 pupil dancers forming the third quadrille. 

Like the chorus singers, the ballet dancers ought each to have 
a separate compartment, and for the leading ones this compart- 
ment should be large enough to forma kind of dressing room 
closed by a curtain. For this about 1:50 by 1°50 metres would 
be required. We only insist upon this arrangement for the 
leadera, so as to save space; but it would be highly desirable if 
possible to adopt it generally, should the public dressing rooms 
of the women, and even of the men, be large enough to allow it. 
We regard the habit which all these young girls are obliged 
to contract, of undressing and going through their whole toilette 
several times a day, in a common room, as an unfortunate cause 
of demoralisation. The mothers of most of the young female 
dancers pora them to the theatre, and remain in their 
dressing rooms. These rooms will consequently require to be 
larger for a given number of persons than those of the female 
chorus singers, who come alone. 

(25) A room for from 15 to 20 young pupils, children employed 
only occasionally, and who consequently may be accommodated 
further from the stage, and with Jess space than the regular 
dancers require. . 

(26) A store for dresses placed as near as possible to the group 
of dressing rooms appropriated to the female ballet dancers: of 
from 25 to 30 square metres. 

FIGURANTES. 

78. The walking figuruntes (non-speaking) so called because they 
neither dance nor sing, will have their dressing rooms better 
placed in contiguity with the ballet department, with which 
their duties more directly connect them, than with the chorus. 
Their ordinary number is eighteen, inclusive of two directresses; 
but it often rises to twenty or twenty-four, and may amount 
to thirty; the dimensions of the apartments devoted to their 
use must be calculated for this last number. A large room for 
thirty women is therefore required; or, better, one for twenty, 
and an adjoining one for ten; also, a special store for dresses, 15 
to 20 square metres: the whole in one of the upper stories, if 
there be no room nearer the stage. We do not require for the 
figurantes such roomy compartments as for the dancers, but at 
the least a dressing box of from :80 to 1:00 metre would be 
required for each. 

79. In the ballet department, as in that of the chorus, the 
male and female dressers of the corps remain in the common 
rooms, and consequently increase the number of persons to be 
accommodated in them; they do not however require, like the 
dressers of the principals, to have a special place allotted to them. 

80. The dressing room corridors must be straight (an indis- 
pensable condition of rapidity of working and efficiency of super- 
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intendence) withour projections or corners, well ventilated, and 
lighted by daylight. 

81. At several points urinals and well ventilated closets 
ought to be contrived, in numbers proportionate to the various 
divisions of the establishment to whose use they are appro- 
priated. We have already said that the principals ought to have 
private closets adjoining their dressing rooms. 

SUPERNUMERARIES (comparses). 

82, The supernumeraries ordinarily number from forty to 
fifty; for many works the number is from eighty to one hundred, 
and for some, as for example La Juive, it reaches a hundred and 
fifty. As the future stage will be more ample than the existing 
one, the number of performers will necessarily increase propor- 
tionately to the enlargement. The same thing will be true of 
the bodies of chorus singers and dancers; for the latter, however, 
we have based our calculation of the regaina upon the 
numbers at present employed. There will therefore be needed— 
(1) A common room for from 50 to 60 supernumeraries, near the 
stage, so that this numerous and undiscipliued troup may come 
on without introducing disorder into the other departments. 
(2) A similar room, which may be further removed from the 
stage or at a higher level, as it will only be made use of when 
more than 60 supernumeraries are employed. (3) Lastly, a third 
room of the same size, to be made use of only when works includ- 
ing great spectacles, such as La Juive, are played. Ench super- 
numerary should have for himself and his dresses a box 0'70 or 
0'80 met. wide by 0:50 or 0°60 met. deep. 

83. In the arrangements for supernumeraries, and so far as 
possible in immediate communication with the principal room, 
should be included—(1) a room for the superintendent of the 
supernumeraries and his under-superintendent, from whence they 
can easily overlook the room and transmit their orders to it. 
(2) Accommodation (a stall or standing) for the hairdresser and 
his store of wigs, beards, &c. (3 or 4 square metres). (3) A long 
narrow store, a sort of gallery for arms and armour (10 to 12 
metres by 2, or 2°50 metres) (4) A wardrobe, either single 
(and of from 100 to 200 square metres) or in three compartments, 
annexed to the dressing rooms; but in this latter case the first 
must be larger than the second, and that larger than the third, 
for the first dressing room will be used at all performances, the 
second for those where the number of supernumeraries is larger 
than usual, and the third for the rare occasions on which it 
reaches its greatest height. (5) Lastly, if possible, a small court- 
yard, with urinals and latrines for the use usually of from 50 to 
60 men, often increased to 100 and at times to 150. 

84. An excellent arrangement, and one very desirable with a 
view to the promotion of good order and of that supervision which 
becomes requisite in the employment of supernumeraries who are 
almost all strangers, and for the most part unknown, would consist 
in such an arrangment of this department that it should only have 
one communication with the stage, wide and direct indeed, but 
single, and that it should have none at all with any of the other 
departments. A separate staircase would afford access—starting 
from the vicinity of the room already referred to (No. 72), where, 
with the exception of the twenty-four regulars, the supernu- 
meraries are enrolled each evening, and from whence they would 
go direct to their dressing rooms without any means of arriving 
at the stage except in costume. Their work done, they would 
get their pay as they left,—in exchange for a check given by the 
superintendent of supernumeraries,—from the hands of a door- 
keeper stationed in a little office in the lobby at the foot of this 
staircase. 

SALOONS FOR THE PERFORMERS (GREEN ROOMS.) 

85. The green rooms (different from the rehearsal saloons, 
which will be described further on) ought to be as near the stage 
as possible, and on the same level. The following details apply 
to the principal performers’ saloons:—{1) The saloon for vocalists. 
This is an elegant but quiet sitting room, where ten or twelve 
persons assemble to chat, and where the performers sometimes 

over or rehearse a passage out of their part. The existing 
oon measures about 6 metres by 8 metres: that space is almost 
enough. (2) At each side of the theatre, near the proscenium, 
and as far as possible level with the stage, is required a little 
saloon, so to speak a box (of 10 to 12 square metres), to admit of 
hasty changes of dress, and to shelter performers who are 
awaiting the moment for their going on to the stage (this is some- 
times termed foyer de réplique). (3) Near the scene and the 
saloon, but a little higher or lower, a room for the manager 
is necessary. (4) The side scenes would be relieved by the appro- 
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priation to the chorus singers of a saloon, much more simple than 
that of the principal singers, but of about the same dimenaions, 
30 to 40 square metres. This saloon however is not indispensable; 
the chorus can wait in their rehearsal saloon if not too far from 
the stage, or in their dressing rooms. (5) The dancers’ green 
room (foyer de danse), the floor of which slopes like that of the 
stage, and which is surrounded by resting bars to assist in prac- 
tising dancing (for want of space, rehearsals take place ee 
whic should he carried on elsewhere), is not only intended for 
the use of the chorégraphic performers, it is an elegant saloon 
into which the director introduces all strangers of distinction who 
come to visit the opera. It isa place of meeting and entertain- 
ment for such of the subscribers as have the privilege of entry 
behind the scenes. It should be of large size, forall the members 
of the ballet meet there (a hundred persons and more); and it 
ought to be decorated in a style to correspond with its distinction 
as the opera reception room. It sli be desirable for this 
saloon to be reserved for the ladies and the principal male per- 
formers, and that the male dancers of the corps de ballet should 
have a separate saloon similar to that of the chorus singers, and 
of the same size. That would be the small dancers’ saloon. 
The dancers’ saloon in the present Opera-house is 8 metres by 
117 metres; it is a little too small. (6) Among the dependencies 
& saloon for strange musicians, who are sometimes employed to the 
number of 20 or 30 on the stage. But this room must not be 
near the scene, on the contrary, it must be so far removed that 
rehearaals of flourishes of trumpets, which ordinarily occur during 
the course of the piece, should not interfere with the performance 
(see No. 89).; 
THE ORCHESTRAL DEPARTMENT. 

86. In all probability the orchestra will occupy the same 
position in front of the scene as now, since, notwithstanding the 
disadvantages of this arrangement, a better has not yet been 
found. The present orchestra contains eighty performers, it will 
reqnire to be a little larger for the new house, and it will be 
advisable to lower its level to 0°60 or 0°80 metres below the pre- 
sent level, Inthe neighbourhood of the orchestra will be placed 
(1) A saloon for the performers to the number of ninety; around 
it closets for preserving thu instruments. (2) The room for the 
conductor. (3) That of the deputy conductor. (4) A store for 
music, harps, double basses, &c., level with the orchestra, and if 
possible adjoining. The accommodation for the orchestra ought 
to be situated beyond the immediate dependencies of the scene, 
with which it ought to have no communication, except through a 
door which ordinarily remains closed. 

ARRANGEMENTS FOR HORSEMEN ON THE STAGE. 

87.—(1) A stable for from twelve to fifteen horses. (2) A 
harness room, with a store for caparisons and the various acces- 
sories of harness. (3) A station for grooms and stablemen (12 to 
15men). The horses all caparisoned should ascend to the stage 
and descend from it bya gentle incline, upon which they'can go 
under cover to the very stable. 

INSTRUCTION AND REHEARSALS. 

88. The saloons intended for instruction and rehearsala may be 
remote from the stage, but must be near the manager and the 
superintendents, There are required—(1) a small saloon for 
singing lessons. (2) Two saloons for study and rehearsal of parts 
(suitable dimensions from 30 to 40 square metres. (3) A great 
saloon or rehearsal room. The dimensions of this room should 
be such that rehearsals of grouping, and effects either of dancing 
or singing can be made there as well as on the stage. For this 
it must have a width at least equal to the opening of the scene— 
say about 15 metres. 

89. The dancing school, now conducted partly in the rue Richter 
and partly at the Opera-house, must established entirely 
among the dependencies of the new Opera-house. It may be 
situated in an internal court-yard, if possible on the ground floor, 
so that the pupils may come for their lessons without passin 
Hirough any of the dependencies of the stage. This school wil 
include— (1) Two dancing rooms, each for from twenty-five to 
thirty pupils, one for girls, one for boys. (2) A waiting room for 
the mothers of young pupils. (3) One or two dressing boxes or 
dressing rooms for girls. (4) One or two dressing boxes for boys. 
(5) Two or three private rooms for the professors. The instruction 
of the two sexes ought to be separate, if however space fails, it 
might be sufficient to have a single dancing room (a square of 
from 8 to 10 metres on each side) where lessons should be given 
at different hours. These dancing rooms may also be turned 
to account in various ways. For example, they might be useful 
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for musical rehearsals, and particularly—if they were far enough 
from the stage for rehearsals not to create disturbance—they 
would serve for those of strange musicians; in this case they 
would render unnecessary the room specified (No. 85) for those 
musicians. 

WARDROBE, 

90. The work rooms and general warehouse for costumes may 
occupy the upper stories of the buildings appropriated to the 
management. At the same time, they ought to as near as 
possible to the dressing rooms of the performers, and to com- 
municate by a wide and easy staircase with the appendages to 
the stage. The complete establishment should include the 
following :— 

MANAGEMENT OF THE DEPARTMENT. 
Three rooms opening out of one another. (1) Room for the 
superintendent of dresses (chef de Phabillement.) (2) Office for 
the deputy superintendent and servant. (3) Room for the designer, 
usually only one person, sometimes two or three; to be 
enough and well enough lighted to permit of a large figure being 
dressed there, or, if necessary, a model being set. 

BHOPS.—HMEN. 

91.—(1) Tailors’ shop, for from 20 to 24 men ordinarily; 40or 
more when work presses, that is to say as often as a great pes 
is got up: an area of 140 to 150 metres is desirable, well lighted 
as much as possible sheltered from the rays of the sun, and with 
a ceiling lofty enough to prevent the atmosphere from becoming 
too much vitiated, when working at night, by the breath of the 
workmen, and by the 30 burners whioh light them. (2) The 
room of the foreman of tailors, small, and united to the two follow- 
ing. (3) The cutters’ shop, to contain two or three persons and a 
great tailors’ board (20 to 25 square metres), separated as much 
as possible from the large tailors’ shop by a glazed partition. 
(4) A small store for new dresses in course of manufacture, and 
such as are not yet taken into use. 

WOMEN. 

92.—(1) Shop for seamstresses and embroiderers, from 30 to 40 
women—the counterpart of the tailors’ shop. (2) The room of 
the head seamstress, small, and united to the two following ones. 
(3) The work room of the chief seamstress and of the assistant 
seamstress and assistant milliner, separated from the large Am 
by glazing. (4) A small store for dresses in hand. (5) A 
room, easily reached from without, for receiving, counting, giving 
out, and repairing linen and hosiery, 

93, Easy communication and access between the two work. 
shops, placed under the general direction of the superintendent 
of dresses, and the inspection of his deputy. The office of the 
latter should be so placed as to render superintendence easy and 
efficacious. No one ought to be ableto enter or leave without 
passing under his eye. The superintendent of dresses, the fore- 
man of tailors, and the chief seamstress, ought to he accessible 
without entering the workshops, which should be closed against 
all persons not employed there. Within reach of these ahops, 
private closets for men and for women ought to be provided; and 
it would be very useful for a sort of refectory. to be provided, 
with a cooking range, where the workmen and workwomen 
who are detained for urgent work, or are to work through the 
night, may warm-up their food, and take their meals without 
leaving. 

STORES, 

94. The central wardrobe includes two principal sections, 

themselves subdivided into several groups, namely :— 


Prin . 
Opera... iiim 
Men Principals. 
PAUSE o Corps de Ballet. 
Supernumeraries. 
Principals. 
Opera... Chorus. 
Women Principals. 
! Ballet... Corps de Ballet. 
Figurantes. 


and there are required —(1) Two rooms of about equal area (each 
About 150 metres) communicating by one or several openin 

and subdivided by closets and partitions of wood, to suit the 
requirements of each department. (2) A little atore adjoining 
for the most valuable dresses, head dresses, feathers, flowers, 
jewels, &c. (3) An armoury, for from 50 to 60 complete suits of 
armour, a certaiu number of helmets, cuirasses, and other por 
tions of armour, several hundreds of halberts, spears, dress 
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swords &c. (4) A little work-room adjoining this armoury, for 
cleaning and polishing. (5) A small store for firearms, with a 
bench for the gun-amith. (6) A small store, well ventilated and in 
the shade, for furs. (7) A store, from 20 to 25 square metres, for 
the hatter, with a furnace, and a bench for the repairs and brush- 
ing up of hate. Lastly, in an upper story, if need be in the 
roof, but near the general wardrobe depertment—(8) A well 
ventilated light room for beating and cleansing dresses (9) A 
store for old disused dresses. 

95. Furtber—on the same story as the shops, and in easy com- 
munication with the'office of the superintendent of dresses and 
workshops, must be provided—41) The store for materials, a room 
of from 30 to 40 square metres, fitted up with closets; with (2) 
An office for the warehouseman and his servant. (3) A dark room 
for examining the effect of materials when lighted up. 

MISCELLANEOUS WORKSHOPS, 

96. It has been considered that it would be well to have, in 
the buildings of the opera, painting rooms for the scenery. These 
painting rooms, which could be formed nowhere but in the roof, 
would be of but partial use. The difficulty of access and of 
working, the impossibility of setting up stages of scaffolding for 
want of sufficient height, would of necessity limit the use of them 
to repairs and touchings up. Now since there is little probability 
that the run of a piece would be oppad e allow its scenery to 
be touched up, and since there will ly be room enough to 
allow of the scenery for all the works on the list being kept in 
the opera house, there would be no reason for transporting 
thither, merely for repairs, scenery which could be ses heed 
conveniently mended in the painting room, which ought to be 
annexed to the general store. These painting rooms cannot be 
counted upon for the preparation of new scenery. Space and 
height will always be wanting for that; besides there would be 
great disadvantage in mixing up the departments of the theatre, 
already so extensive, with painting rooms, which would bring ina 
number of persons, usually far from orderly. 

97. "The general scenery store, which cannot be dispensed with, 
and the painting rooms (for of these two or three at the least are 
needed), require ten times as great a space as can be spared for them 
at the opera-house. They must be transported into a remote dis- 
trict where, land being cheap, it will be easy to afford them that 
space which is wanting in the rue Richter. If the system of 
mounting scenes, which we have described (No. 48 and following 
sections) be adopted, they will oy seldom have to be trans- 
ported, and there will be no disadvantage in the store being 
remote from the theatre. This farther advantage will accrue—in 
place of a warehouse representing a rent of a hundred thousand 
francs or more, a better one will be provided which will not 
cost a third of this sum. 

98. The roofs of the house will be turned to very good account, 
if stores for cumbrous accessories, chandeliers, tackle, the prepara- 
tious for balls, the general store of the house-upholsterer, and 
his workshop, the brushing room for dresses, be, are placed 
there. A carpenters’ shop for repairs can be also very suitably 
provided there. 

99. Other workshops yet are essential, but the roof is not 
the locality in which they should be situated. In a court- 
yard near the stage should be found—d(1) A smithery, and a 
forge. (2) The general store and shop belonging to the lighting 
department, and a station for those engaged in this department, 
(see Nos. 60 and 67). (3) The store and shop of the chimney 
8wee (4) The house nter. (5) The store for brooms, 
brushes &e. (6) Stores for fuel, goods, &c. (7) A cart-house, 
and even a stable for a cart-horse. 

PRECAUTIONS. 

100. The construction of the new house of incombustible 
materials, will very much lesson the danger of fire, and will 
render a general conflagration impossible. But wood and com- 
bustible materials must inevitably be sufficiently made use of 
in the formation of the stage, the scenery, and the internal 
fittings for these to remain in considerable danger, and for it to be 
indispensable that precautions should be taken against the 
possibility of accident. Tbe existing movable iron grating, the 
object of wbich is to secure the retreat of the audience in case 
a fire breaks out in the direction of the stage, will therefore be 
retained. As at present, charged water mains would be provided 
in various parts of the theatre, supplied from enormous cisterns 
in the roof. A powerful hydraulic system, acting by compressed 
air, or under the force of ordinary fire engines, vil aford the 
means of rapidly and successfully encountering such accidents 
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as may arise. But the engines or any other motive power 
selected, must be established on the und level in the neigh- 
bourhood of a court-yard, easily reached from without and from 
all parts of the atablehshents 80 that in case of anything serious, 
the action of the engines should not be interrupted. The 
architect will avoid placing his fire engines as they are placed in 
the present opera house—in a cellar, which would in a short 
time have to be abandoned for want of air to breathe, should any 
fire of magnitude break out. 

101. The station of the firemen (sapeurs pompiers), about 
fifteen men, and their store for appliances to aid escape, will 
naturally be established near the engines, and so that these 
firemen can quickly reach all parts of the stage and the house. 

MANAGEMENT. . 

102. The offices of the management and adminstration will be 
so placed as to secure prompt and easy communication with the 
stage and with all departments, They must be easily reached 
from without, and foot passengers must as far as possible be 
sheltered up to the very door, which will open out of the 
principal court-yard (No. 68), and in such a way that carriages 
can approach it easily. The manager's department will include 
—(1) An ante-chamber. (2) A small waiting room. " The 
managers private room. (4) A small room joining. (5) The 
room of the manager's private secretary. (6) The room of the 
general secretary. (7) À small room adjoining. (8) The strong 
room (depót des archives), which requires two other rooms of 
together about 50 square metres of area. These rooms ought to 
have exit doors, allowing the officials who occupy them to leave 
them, and reach the stage and all portions of the establishment, 
without passing through the ante-chamber. : 

The administrative offices will comprise the following :—(9) 
The office of the principal cashier. (10) Offices for 3 or 4 
assistants. (11) A room for the office clerks. (12) An inspectors 
office. (13) A clerk of works’ office (bureau des batiments et du 
matérial). . 

103. The cashier’s office ought to be readily accessible to the 
whole staff on pay days, and daily to the public, It will con- 
sequently be better placed on the ground floor than on an upper 
floor. It is desirable, in order to guarantee the safety of this 
office, that it should be go situated as to be always under the eye 
of the door-keepers and inspectors, and should have no opening 
into the public way. The cashiers department will consist o 
(1) An ante-chamber into which the pay window opens. (2) The 
cashier’s room. (3) An office adjoining it for a clerk. 

104. The library of the opera-house contains one of the most 
important musical collections extant. It possesses autograph 
and unpublished works by the greatest masters, the loss of which 
would be irreparable. All the separate parts of the choral and 
orchestral scores of the operas and ballets played at the opera 
house, are there in full, and in case of their disappearance could 
not be replaced without heavy expences and a very long delay, 
during which the performances at the opera would be of necessity 
interrupted. It will therefore be impossible to be too careful in 
preserving this valuable deposit. The leader of the orchestra 
daily sends for and returns to this library the scores necessary 
for the performance of theday. For the convenience of working 
it might be therefore desirable for this library not to be 
established too far from the stage, but it is above all things 
requisite for it to be placed in a dry spot secure from any danger 
in case of fire. . 

105. The library, and the store for scores attached to it, at 
present occupy five rooms, having a total area of 200 nietres. 
More space must be allowed for the new house, inasmuch as 
the store receives some increase every year, and is already too 
small. 

106. To the library should be annexed a copying room (for 6 or 8 
copyists), and the room of the librarian, who is also superintendent 
of copyists, 

RESIDENCES. 

107. The principal officiala employed at the opera are on 
duty day aad night. None of them can leave the theatre before 
the end of the performance, and some of them remain for long 
after, notwithstanding which their functions recommence on the 
morrow at a very early hour : for example, the general secretary 
—who has the administration and superintendence under his care 
—and the principal machinist. The presence of the heads of 
departments is daily and at all hours essential. To prevent 
casualties, they must toa certain extent be permanently at the 
theatre. Even without any regard to the convenience of the 
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officials, it can be easily understood that, reaching their homes 
far from the opera house at an advanced hour of the night, 
exhausted by the fatigue of a long and laborious day, it is 
diffieult for them to recommence their work early the following 
day, and that consequently a great relaxation of the preparations 
and the general work of management must ensue. The general 
secretary and the cashier are at the present day the only 
officials residing at the opera house. We consider, notwith- 
standing the silence maintained in the programme which served 
as & basis for the first competition, that the new opera house 
ought to include residences for the following officials and 
assistants: (1) The manager. The manager of the opera is at 
once & general who ought to be always at his headquarters, 
and the head of & vast establishment who cannot safely remain 
out of reach of his atéiers. (2) The general secretary, upon 
whom devolves the administration, the care of the property, and 
the permanent euperintendence of all the different departmenta 
and of the building iteelf. (3) The stage manager, who is 
responsible for the scenic effects and the rehearsals (marche des 
études). (4) Thesuperintendent (régisseur), his principal assistant, 
upon whom devolve all the details of the stage, notices, &c. 
(5) The cashier, accountable for heavy sums of money, and who 
ought neither to leave the charge entrusted to him, nor to carry it 
away with him. (6) The head machinist, who has the immediate 
command of all the workmen. 


——— —Áfüb————— 


ON PICTORIAL MOSAIC AS AN ARCHITECTURAL 
EMBELLISHMENT. 
By M. Diesy Wrarr, Architect. 
(Concluded from page 120.) 

A FEW words will suffice to dismiss the sixth species of mosaic, 
which I have called “ Italian Portable.” By this term I would 
convey that the basis of the variety is not so much making por- 
table mosaics, as, from the great weight of the materials, they 
can never be made easily portable; but rather making reproduc- 
tions, in mosaic, of pictures in oil or other media, which may be 
really and readily transferable from place to place. This species 
is, in fact, little else than a revival of the fine opus vermiculatum 
of the ancients. It would be incorrect to say that the Greeks 
did not ever manufacture miniature mosaic pictures; because two 
noted specimens exist to my knowledge,—one at Florence, and 
the other, of extraordinary perfection and curiosity, in the Ken- 
sington Museum; but it may be safely averred, from the great 
rarity of such relics, that the practice was altogether exceptional. 
This, indeed, is not to be wondered at; since, with the quick 
drying cement ordinarily used for mosaic work, it must have 
been extremely difficult to execute these almoat microscopic pic- 
tures, which bring within the compass of a few square inches 
subjecta usually worked out in as many square feet. 

Thig leads us to the conclusion that the ancients for their finest 
mosaic pictures must have used some retarding agent, such as 
honey or beer would prove, to keep their cement plastic longer 
than it would remain if mixed with water only. When, however, 
Giovanni Baptista Callandra applied, early in the seventeenth 
century, a mastic in lieu of an ordinary hydrate of lime, to unite 
the tesserze, it became comparatively easy to copy the moat elabo- 
rate pictures in mosaic. By this artist was executed the beau- 
tiful reproduction of Guido’s St. Michael; which, with Raffaelle’s 
“ Transfiguration,” and Domenichino’s “St. Jerome,” is about 
the best of all the celebrated mosaic pictures in St. Peter's. 

In the marble incrustation which forms our seventh species, 
and which is best known as Florentine Mosaic, the tints and 
shades are given by the natural colours of the jasper, agates, and 
other precious materials of which the work is composed. The 
hardest minerals only are used; and as each small piece must be 
cut and ground to a pattern, and each thin veneer backed by a 
thicker one of slate, or some such material, in order to give it 
strength; so much labour and time are involved in its production 
that its high prioe has necessarily limited its use. Zobi, the 

rincipal writer on the art of pietra dura mosaic, tells us that he 
joie of “no existing example in Italy of marble pictorial mo- 
saic executed during the first periods of the revival of the arta, 
excepting the specimen to be seen in the central nave of Siena 
Cathedral, said to be the work of Duccio di Buoninsegna, who 
lived in the fourteenth century. There can be no doubt, how- 
ever, that the art was founded on the opus sectile of the 
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ancients, and that it descended by regular tradition from classical 
times. J need scarcely recall to your recollection the extraor- 
dinary advance made in the pavement of the same cathedral 
upon the work of Buoninsegna, by that great master of the six- 
teenth century, Beocafumi. The art was greatly patronised by 
the Medici. The celebrated * Fabrica Ducale," of Florence was 
founded by Ferdinand L, Grand Duke of Tuscany, in 1588; and 
its reputation during the seventeenth century was kept up by 
the exertions of those artists to whom Florence owes the finest 
specimens of mosaic which enrich her palaces and galleries, and 
whose names are for the most part given to us by Baldinueci. 

Before taking leave of this subject, we must not omit to notice 
the exquisite specimens produced in India of pictorial mosaics, 
representing the finest Arabesque and conventional ornament in 
pietra dura. That the Indians were early in possession of all the 
technical ability necessary for such a work is proved by the an- 
tiquity of some of their gon curuna inlaying, polishing, and 
carvings in hard stones; but it is probable that their sovereigns 
owed much to Italy for assistance in that beautifal marquetry 
which ornaments the great monuments at Delhi and Agra; for 
in 1688 a passport was obtained from the King of Spain, by the 
Grand Duke of Tuscany, for four workmen, skilled in mosaie 
working in os stones, whom he was about to dispatch to 
the Great Mogul. 

This art is retained at the present day both in India and to 
even greater perfection in Italy; for the specimens contributed to 
the recent Exhibition at Florence, some of which may be even 
now on their way to this country, were quite equal to anything 
produced in the palmy days of the Medici. 

It would take too long now to describe the practical processes 
adopted in this and other modes of mosaic working, and 
having already given them in a work I published in 1848 on tbe 
subject, and in a report to the Board of e made in 1856, it is 
better to refer you to those sources of information than to further 
detain you from entering upon what is, indeed, the most practically 
interesting sectiou of our inquiry this evening. Before commen- 
cing, however, upon the second part of our subject, the theo- 
retical basis upon which we should as architects aid in the 
revival of pictorial mosaic, it behoves us to take stock of the pre- 
sent state of the material conditions likely to affect auy such re- 
vival. In Italy, as I have already said, the art has lingered on; 
maintained in its monumental form by the necessities of repair- 
ing old works, rather than by the desire to create new; and in 
its portable form by the incessant demande of foreigners to carry 
off with them, as pilgrims’ marks, in the nineteenth century, 
slabs of what is generally known as * Roman mosaic" In France, 
under the first Republic, an effort was made to introduce this 
manufacture into Paris; and a “ fabrica" was opened by the au- 
thorities, under the charge of a Signor Belloni, in the old College 
of Navarre, in the Rue de la Montaigne Ste. Généviéve. At the 
* Exposition" of the year X., some products were contributed 
from this establishment; but as it altogether disappears from the 
catalogue of subsequent expositions, there is every reason to be- 
lieve that the experiment was abandoned. With this exception 
Iam aware of no attempt made by France hitherto to revive 
pictorial mosaic. I have not heard of any other efforts, making 
or made, in any of the other countries of Europe, excepting our 
own. 

Before noting what we are doing in this direction, it may be 
well to record the progress making in Italy. There are now 
three establishments in “ Italia” (supposing it to be “ Unita”), at 
all of which I believe the smalti, or coloured vitreous pastes re- 
quisite for mosaic working, are made, and from which they may 
be procured. These are each attached to great structures, the 
mosaics of which require occasional repairs; viz., St. Peter's at 
Rome, St. Mark’s at Venice, and the Benedictine establishment 
at Monreale, near Palermo. Of the products of these establish- 
ments, the Roman and Venetian are the best, and the Sicilian 
the cheapest. Through the kindness of Mr. Penrose, of whose 
exertions in connexion with the revival of mosaic I shall pre 
sently have occasion to speak, I am enabled to bring to your 
notice the following iculars of the relative cost of the 
products of these establishments. At the Roman Fabrica he 
was furnished with an estimate for the execution of mosaic 
(of course, in very fine work) for “ opere di decorazione,” at 
the following rates, reduced to English feet and English 
money:—For figure subjects or landscapes, at from 23/. to 38 
per foot superficial; for flowers or animals, at from 234 to 31. 
per foot; for Grecian, Roman, or cinque-cento ornaments, at 
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from 194 to 272. per foot; and for Byzantine ornaments, at from 
3.175. to 114 102. I cannot help thinking that there must have 
been some misunderstanding with respect to the above estimate; 
for such prices might justify the very minute work requisite for 
copying highly-finished pictures, but are altogether unreasonably 
bigh for ordinary decorative work. I am led to this conclusion 
because Ciampini telle us that, when Clement VIIL, in the be- 
ginning of the seventeenth century, commenced the embellishment 
with mosaic of the dome of St, Peter's, the price offered for the 
labour was about 14. 10e. per English foot. This was so profit- 
able to the workmen, as to attract the labourers from all parts of 
Italy, “fama tam immodici pretii” The consequence was that 
very speedily the price fell to about 74. 3d. per English foot. 
This would be, of course, exclusive of the value of the material 
employed, which latter would be worth, then, probably about 
lan English foot. Allowing for a great increase of value 
since Clement VIIL’s time, it is hard to suppose that similar 
work could be worth more than about 34 sterling per foot at the 
t time. This would agree pretty well with what the 
irector of the mosaic establishment at St. Mark’s—Signor Moro 
—told Mr. Penrose; viz., that the cost of finished work, similar 
ie ordinary Byzantine, would be about 34 2s. per English 
loot, 

With t to the cost of the Venetian material, I have 
myself obtained from the Count Conaro the prices at which 
Signor Salviati, the practical manufacturer who makes for St. 
Mark’s, will supply the smalti, viz., for gold and silver, 124, per 
pound, cut into tessers; 6s. for the same quantity uncut. For 
varied colours, 3s. per pound uncut. Count Conaro states that it 
will take about 33 English pounds weight of gold and silver, or 
50 pounds of coloured smalto, to do a French metre superficial of 
mosaic; the French square metre being rather more than an 
English superficial . Mr. Penrose remarks that, at Palermo 
the price is much the sane as at Murano for the amalto, but that 
the pe for cutting it into small pieces is very much lower in 
_ the former than the Lye qui thus the prices for cutting only, 

at Murano, are, for colo smalti, 6s. 8d. ; and for gold, no less 
than 15s. Gd. per English foot; while at Palermo, for 4s. 7d. per 
foot the manufacturers will cut ap into tessaræ golden and co- 
loured smalti indiscriminately. . Penrose's object in making 
these inquiries was to ascertain how far it was practicable to en- 
list foreign assistance in carrying out some of his proposed deco- 
rations in St. Paul's in mosaic, of a more pictorial nature than 
sein at the date of his last visit to Italy succeeded in 

ucing. 

The notes he made become now, happily, of less importance 
than they then were; owing to the fact that with the exception 
of the gold ground mosaic, which our manufacturers have not 
Yet, so far aa I am at present informed, been very successful with, 
ul the foreign pastes may be with advantage replaced by home 
produce, and the work done by English workmen. The actual 
purchases made by Mr. Penrose for the urpose of experimenting 
upon were ag follows:—1200 cakes of gilt smalto, sufficient when 
cat up and wrought to cover about 80 feet English, 634 ; 332 
ripe of coloured smalto, sufficient to do about 128 
ee 

In the recent Italian Exhibition the Florentine and Venetian 
mosaic workers alone were well represented. Salviati, the manu- 
facturer, and Vincenzo Redi, the mosaicist, both of Venice, 
combined in contributing a fine figure of St. Nicholas, taken from 
Sta. Sofia, at Constantinople; and an equally good one of our 
Saviour, copied from an original in St. Mar 8. Both of these 
left nothing to be desired in the way of material or workmanship. 
Antonio Gazetta, also of Venice, exhibited a very good head. I 
kid notbing, Pc M gonis in bm ns which, with 

e exception, per of the good quality of the gold ground 
smalto, we could ul believe now rival in this South. M^ re- 
mains for us to see by what stepe this newly-aoquired faculty has 
been obtained. 

The revival of mosaic in this country asan architectural adjunct 
may be considered to have begun in 1839-40; about which time 
Mr. Blashfield endeavoured to produce decorative pavements 
by means of inlaid asphalte, coloured cement, and Venetian pisé 
works, assisted by the clever inventions of Mr. Singer, of Vaux- 
hall, by his ingenious assistant Mr. Pether, and also by Mr. 
Proeser's mode of producing a tile of great density and closeness 
of texture, by subjecting powdered China clay to strong mecha- 
nical pressure in iron moulds, and in this way obviating the 
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shrinking caused by evaporation, which is unavoidable when the 
clay is used in a moist state. Mr. Prossers invention was first 
applied to the manufacture of buttons, in which for some time 4 
large trade was carried on. Recently the Messrs. Maw have in- 
vented a process by which they obtain tessere with the close 
texture and oonsequent hard surface, only to be attained by 
aqueous shrinkage, and hitherto only approached by subjecting 
the materiale to extraordinary pressure, 4 

Mr. Minton, I believe, at the s ion of Mr. Blashfield, 
turned his attention to the application of Mr. Prosser's patents 
to the production of tesserm suitable for the formation of pave- 
ments similar to those of the ancient& Many beautiful goo 
metrical combinations for this purpose were suggested by Mr. 
Owen Jones; and the result of Mr. Minton's spirited efforts was 
He speedy introduction to the market of excellent teasers in all 
colonra. 

In 1844, when I went abroad to study my profession, Mr. 
Blashfield gave me a commission to obtain for him anything 
which I considered likely to render these tesserm (the manu- 
facture of which Mr. Minton had then just entered on) of 
more general utility. In Italy and Sicily I found much material, 
of which I believed little notice had at that time been taken; and 
this induced me to make a series of drawings, which I afterwards 

ublished in the ‘Geometrical Mosaics of the Middle Ages! 

ese drawings were shown to Mr. Minton by Mr. Blashfield; 
and, on niy return to England in 1847, Mr. Minton applied to 
me to assist him in his views with respect to encaustic tiles, and 
their combination with teaselated work in general For some 
time I rendered him what aid I could; and, but for other and 
more pressing professional engagementa, I should probably have 
continued to do so. On Mr. Minton’s retirement from active: 
business, Messrs. Maw and Co., determining to add the execution 
of mosaic to their encaustio tile manufacture, sought my co- 
operation, which has been given, at such intervals as have suited 
our mutual convenience, up to the present time. Feeling their 
strength quite equal to the production of pictorial as well as geo- 
metrical mosaic, Messrs, Maw requested me, on the announcement 
of the intended Exhibition of 1862, to design a prom of that 
r for them. Some of the working drawings for that 
commission I now exhibit; and do not doubt that, on seeing the 
work done from them in the Exhibition, you will admit that 
Messrs. Maw and Co. have fully proved their capability to rival 

y antique mosaic yet exhumed in this country. To have 
attempted successfully such an experiment, involving the pro- 
duction of an indefinite number of tesserse of about one hundred 
different tints—many never previously got up in England—and 
the application of skilled labour as it had never before, I believe, 
been employed in this country since the last Roman quitted it,— 
is, I do not hesitate to say, highly honourable to them as manu- 
facturers; and it is a source of gratification to me to have been 
associated with them in this the first practical endeavour to 
revive the pictorial mosaic amongst us. That we shall soon have 
many rivals is not to be doubted; since ee through the 
energetic and most laudable prompting of Mr. Cole, a scheme 
has been set on foot to which no one aries us can, I think, 
fail to give hearty pathy and support, Some prospectuses, 
one or two of which I have laid upon the table, give the detail of 
a acheme, which, if carried out successfully—as I have every 
reason to think and believe it may—will give a rare impetus 
to the development of pictorial mosaic. Those details I do not 
dwell on; for the double reason that time will not now permit of 
my doing so, and that they will, I believe, form the subject of a 
paper hereafter at the Society of Arts. I may, however, point 
to two most hopeful features of progress certainly made :—lst, 
that already the practical co-operation of many of the most 
celebrated artists in this country has been secured; and 2nd, 
both Messrs. Minton and Messrs Simpson (Messra. Maw and 
Co’s London spente) have proved, that if artists will only make 
good designs, sy posone al the requisite power to realise their 
esigns successfully. To prove this, I n uy pons to a spe- 
cimen age by Messrs. Simpson, which has been kindly lent 
me by Mr. Cole. 

Such being the actual conditions of the manufacture at the 

nt moment, I think it will be admitted that it is really 
incumbent on the studious architect to endeavour to p the 
theory of the right application of pictorial mosaic; and it is iu 
the endeavour to either aid him by my advice, or to aid 
myself by eliciting a rectification of my views, that I put before 
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you, as the second and concluding part of this paper, a few con- 
victions on the subject, with respect to which I see my way at 
present pretty clearly. 

The combined action of the moisture and severe frost of our 
climate is such as must always, I fear, render but little durable 
any extensive application of mosaic in small tessere as external 
decorations; to a great extent, therefore, architects will have to 
look upon it as an internal embellishment. It is, of course, a 
coloured incrustation, applicable to any structural surfaces which 
it may be desirable to enrich; and its appropriate design must 
be euer determined by very nearly the same laws which should 
govern the distribution of polychromatic decoration, executed 
through any other medium upon similar surfaces The rationale 
of these laws has been by no one better illustrated than by Sir 
Charles Eastlake, in hia invaluable reports to the Fine Art Com- 
mission; and it is better that Ishould refer you to what he has 
80 well written in those documents, than attempt to give you 
now any paraphrase of my own. The chief exceptional condi- 
tions are, firstly, its expense, which entails simplicity; secondly, 
the extremely vivid way in which it reflects light, and exhibits 
local colour partinlly, demanding {adement to adapt the design 
to the mode of lighting; and, thirdly, its limitations, under 
ordinary circumstances, as a means of artistic expression, which 
lead to the prudent avoidance of many of those pictorial elements, 
such as perspective, foreshortening, lively action, or complicated 
chiaroscuro, which are proper and agreeable sources of effect in 
mural paintings executed with more tractable vehicles. That 
which the designer will probably at first feel to be his greatest 
difficulty, the arrangement of the cement joints which attach the 
tesserse to one another, will, when once he has mastered the prin- 
ciples upon which they should be disposed, prove a ready and 
most essential means of heightening his effects. The jointing is, 
to a mosaic designer, exactly what the lines and reticulations of 
an engraving or etching are to an engraver; and the rules of 
taste which apply to the one apply equally to the other. For 
instance, as the engraver's lines by convexity or concavity express 
the undulations of draperv, and the modelling of surfaces advan- 
cing to or retreating from the spectator's eye, so precisely should 
the directions of the jointing of a piece of pictorial mosaic. in, 
as the regular ruling or crosa-latching of an engraved half-tint is 
made to give value to the broken lights and shades of theleading 
figures, to which by their vivid contrasts attention has to be 
attracted; so p should the uniformity of the jointing with 
even-sized tessere diminish the brilliancy of a mosaic back- 
ground; breaking up the light which would otherwise be so 
strongly redacted from, say a white or golden background, as 
to quite kill the effect of the figures or ornaments to be relieved 
upon it. 

"Another point which should be carefully attended to in 
arranging the jointing, is to allow a row of tessere of the same 
colouras the ground to always follow every leading contour pro- 
filed upon the background. The use of this rule, which was 
invariably followed by all good mosaicists, is to prevent the 
directions of the generally horizontal and vertical jointing lines 
of the baskan from cutting awkwardly against the profiles, 
which the eye should be allowed to follow without being led off 
into other ohainela, or distracted by the occurrence of irregularly 
shaped tesseræ next to leading forma. This reduplication, as it 
were, of mosaic outline has almost the effect of the lead line in 
stained glass, and is not much leas essential to good effect. It is 
highly gratifying to observe the degree of judgment with which 
the mosaicist has emphasized the designers intention, by a 
judicious treatment of the jointing in Messrs. Simpson’s specimen 

ead now exhibited. It is always to be remembered that, at the 
distance from the eye at which mosaics are usually likely to be 
poe mechanical defects disappear, but that artistic mistakes 

tray themselves, despite the most perfect mechanical execution. 
Hence it is far better to spend time, thought, and money, in 
getting really first-rate cartoons, than in endeavouring to bring 
the tesseree to fine joints or microscopic minuteness. In mounting 
to the summit of the great dome of St. Peter's, glimpses are 
caught from time to time of the nature of the mosaic work; and 
the observer who from below may have fancied the whole to 
have been wrought with great exactness, will find that the work 
is of the coarsest description, with joints in which often a good- 
sized pencil might be laid. From its judicious design, how- 
ever, the effect of the whole is eminently satisfactory, when 
viewed from the floor of the cathedral. 
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It may be well to remember also that although mosaic is, aa it 
were, painting, it is something more in ita relation to the struc- 
ture it decorates; it has become “bone of ita bone,” and in 
virtue of its intimate and permanent union is especially bound to 
live in peace and harmony. As a good wife should make con- 
spicuous the virtues of the husband she adorns, should hide his 
faults, and screen his defects; so should a well-devised system of 
mosaic give, by predominant vertical lines, height to a structure 
in which height is wanting, and, by predominant horizontal lines, 
length where length is needed. Brilliancy may be wrought out of 
darkness by allowing gold grounds and luminous colours to pre- 
vail; while the eye in another building, “faint with excess of light,” 
may be refreshed by a preponderance of cool and quiet tones, 
String-courses and borders, archivolt and impost bands and friezes, 
should be treated as permanent frames to permanent pictures; 
essential, by their rectangularity or other simple geometrical cha- 
racter, to afford the eye a ready means of testing all adjoining 
and more complex forms by contrast. Need I say that where 
the skeleton of the picture’s composition is tossed about in lively 
action, a stronger boundary of more vivid and contrasted hue 
must enclose it as a corrective, than when the motive power of 
the picture is of a quieter and simpler structure? That is the 
reason why the great Venetian pictures demand such massive 
framing; while the more serene compositions of the early Floren- 
tine and Siennese schools look best when separated one from 
another by little else than narrow bands of flat and softly-tinted 
ornament. In the same way, in mosaic, the rigid saints of the 
early Byzantine school, with their evenly-balanced limbs and 
perpendicular draperies, need little else than vertical palm-trees 
or inscriptions, or even upright staves placed between them, to 
keep them architectonic; while the later corresponding figures 
of the Italian school, with their swaying lines, require often 
actual insertion into niches to keep them even reasonably 
quiet, 

Such are a few of the most important theoretical pointa which 
have occurred to me; but had time permitted I would willingly 
have entered this evening npon— what I have indeed partly pre- 
pared—an analytical sketch of the different artistic conventions 
which form uated stages between the crudest mode of, as it 
were, symbo seing patars and the most highly perfected form of 
imitative art, hile an intimate acquaintance with the specific 
conditions of each of these stages—which are to the designer 
what keys are to the musical composer—will be a great assist 
ance to the mosaicjst; an ignorance of or an indifference to them 
will lead him into great trouble and confusion. 

In bringing this paper to a close, I may be permitted to says 
few words with respect to specific style, as affecting pictorial 
mosaic. We have seen that, as a decorative art npplicable to 
monumental structures, it has survived every fluctuation and 
vicissitude which have affected architecture from the Christian 
epoch to our own time: as certainly will it outlive the little 
differences which split us into Goths and Greeke—" big and little 
endians” of the professional golden eggs. Weare now probably 
on the eve of introducing a new element into our national art; 
and happily one which may, with precedent, and therefore with 
a good conscience by those who lean heavily on precedent, be 
used alike in buildings of whatever historic style we may any of 
us peculiarly affect. Let me then express a hope that it may not 
be considered necessary to retain the defects and mannerism 
either of too much or too little academic knowledge, peculiar to 
ancient, medieval, or modern times; but that we may rather 
concur in doing the very best we any of us can with this art, 
without pedantry or a slavish deference to the past. The whole 
history of monumental and industrial art has shown us, that 
never is perfection attained in any product in which the material 
conditions, and the processes by which those conditions may be 
best enhanced and developed, have not formed the basis of the 
theory of constraction, manufacture, or application of any such 
product, This has held good of ps stone, wood, marble, and of 
all the metals; and assured am I that, if we are to make this art 
of pictorial mosaic a credit tothe nineteenth century, a similarly 
“objective” spirit must also direct and determine the igen 
mode in which, under every varying condition of style and hie 
torical association of ideas, we would endeavour to rival the 
great masters of old in their use of this time-honoured embellish- 
ment. 


m 
May 1, 1967) 


THE ECONOMIC ANGLES IN PARALLEL OPENWORK 
GIRDERS. 
(Continued from page 98.*) 

Wr have hitherto spoken of each pair of braces as having to 
convey a certain vertical component — V, towards one only of the 
piers, say to pier Q, so that the first individual of the pair is 
always a strut or tie, while the other is always a tie or a strut 
But there are some cases in which a pair of braces may be 
required to transmit a vertical component at one time in the 
direction of pier Q, and at another (from changes in the distri- 
bution of the loading) in the opposite direction, or towards pier 
P. This occurs in the central pairs of long girders when a large 
portion of the loading is moveable, and still more strikingly in 
the case of the longitudinal stiffening girders applied to suspen- 
sion bridges, the duty of which is to distribute as uniformly as 
may be over the span the effect of a concentrated or irregnlar 
loading. 

When the amount of action of the pair, or the value of V, is 
as great when directed towards one pier as when towards the 
other, the economic angles will evidently be each equal to 45°, 
whatever the ratio of a, toa, And many of the pairs in the 
stiffening girders of a suspension bridge will approximate more 
or lesa nearly to this condition. On the other band when the 


secondary value of V is less than = times the first value (sup- 


posing ties to be the most economical braces, and 2 timea 


when struts are the must economical) then the secondary action 
may be neglected, since the angles 6, and 6, being calculated with 
reference to the greater value of Y, there will nevertheless be 
sufficient material in the parts to carry theless value of V in the 
opposite direction; care must however be taken to give a suitable 
form of section to that brace which is in the first instance a tie, 
to fit it for acting as a strut under the less value of V. 
The Application to Actual Structures, 

The general conclusion arrived at in a previous paper, that, 
when one uniform valueof a is adopted for both booms the sum 
of all the numbers representing the weights of every bay of both 
booms, is unaltered by changes in the inclinations of the braces 
—eo long as the distribution of the loading remains the same—is 
practically applicable, with an approximation to accuracy, to 
very few structures. The most important are the longitudinal 
atiffening girders of suspension bridges, whose booms act alter- 
nately as struts and ties. There are some other structures that 
may be mentioned, the loadings or pressures on which may at 
different times act in opposite directiona, but to which the in- 
vestigation is scarcely applicable; such are the piers of viaducte, 
the longitudinal stengthening girders in some ships, horizontal 
girders to resist the wind, &c. 

When a for the upper boom is taken ter or lees than a for 
the lower one, the above conclusion would no longer hold good. 
And we might therefore very properly go on to investigate the 
econbmic angles for various girders having one uniform value of 
@ for the top boom, and another uuiform value of a for the bottom 
boom, this would lead us somewhat nearer to the truth, particu- 
red the case of structures having long spans in proportion to 

eir depths; we will not however, at least at present, enter upon 
thia part of the subject, but proceed at once to the practical con- 
deration of the general and mueh more interesting questions 
connected with the construction of complete girders in an 
economical manner. 


THE ECONOMIC CONSTRUCTION OF GIRDERS. 


, ås the above title is a very comprehensive one (and indeed 
includes the subject we have just left) it is necessary to state 
that we do not intend at present to treat on the general subject 
of the economic construction of pns but only employ the 
heading as an appropriate one under which to classify what fol- 
lows in this, and also, it may be, in some future papers. 

. We purpose discussing certain girders in a thoroughly prac- 
tial manner, taking no uniform value of the factor a for a boom, 
or for the struta of the bracing, or other parts, but adopting such 
à value of it for each particular bay of the booms, and for each 
particular brace, as shall be derived from executed structures, or 
dictated by constructive as well as theoretical considerations. It 


* The equivalent of s as given in equations (5) ante should be multiplied by c. 
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must be apparent that such a treatment of the subject removes 
it at once the grasp of the higher forms of mathematical 
analysis; and our course of p ure will therefore be to 
tabulate the results of the separate calculations, based upon 
actual working data, of all those forms or varieties of any given 
structure which have any chance of being adopted; so that their 
respective merits and peculiarities may become obvious at a 
glance. Of course such a mode of investigation is both tedious 
and cumbrous, but it will be appina by a much wider circle 
of readers, and have a more direct bearing upon practical oon- 
struction than any other mode; and we think it right to give 
the calculations in considerable detail, since the values of the 
factor a are taken somewhat arbitrarily, and as the forms of gir- 
der that will be made the subjects of discussion are such as will 
probably be employed in bridge construction to a very great 
extent indeed. : 

So long as the question of the economic angles is confined to 
cases in which the depth is less than or only one-sixteenth of the 
span (like the Newark Dyke Bridge, and many others which fol- 

Fie. 1. 


N N " 
KO 
ANASASNASNZSZ™S 
low in this respect the porra of the Britannia Tube) as 
well as to suspension bridge stiffening girders, it is of very con- 
siderable importance; and the economic angles for the whole 
structure will approximate pretty nearly to the values given in 
Tables I. or II, on page 98. But when we accept the option 
which openwork construction offers us, of making the propor- 
tional depth twice as great as that of the Britannia Tube, with 
the highly economic advantage of a diminution of the stresses 
in the top and bottom of the girder by more than one half, we 
shall find that the effect of variations in the value of 6 is very 
much complicated with and overborne by the influence of other 
elements that enter into the question. 

This pon of depth of structure in proportion to span, is that 
on which must chiefly rest the comparison of plate with open- 
work girders; yet in a discussion, which extended over two 
Fio. 2. 


e 


evenings, at the Institution of Civil Engineers, London, on the 
relative merits of these different modes of construction, it was 
altogether overlooked. In the letter already referred to (Vol. 
xviii. p. 236) the writer had the honour of being the first to draw 
attention to the matter, and further of advising the adoption for 
openwork girders of a depth equal to at least one-eighth of the 
span; and to this proportion he has very uniformly adhered in 
his practice as a consulting engineer, with the most gratifying 
economical results. Fig. 1 shows the girder of a viaduct con- 
structed according to his drawings and calculations, two girders 
being employed to support two lines of railway; these girders 
have a depth equal to one-eighth of the span; and two series of 
braces, all placed at an angle of 45°, so that the span is divided 
into eight equal bays or sub-spans. We purpose now giving the 


Fio. 8. 


calculations of the quantities of material required for the con- 
struction of all the marked varieties of such a girder, under 
various conditions of loading and attachment to the piers, so 
that by tabling the resulta, their respective costs can at once be 
ascertained, and hence the most economical form for the purpose 
in view made choice of. 

The varieties of the pattern of the girder itself which we shall 
consider are four, viz. :—Ist. The form shown by Pe 1, 
in which all the braces are inclined at 46°. 2nd. A modifica- 
tion of Fig. 1, in which all the braces, the inclinations of which 
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can be altered without affecting the distribution of the loading, 
will be placed at the economic angles calculated by formula 2, 
p. 97, for tbe case of the bracing alone being considered. 3rd. The 
form shown by Fig. 2, in which all the struts are placed perpen- 
dicularly, and the ties at 45°, the number of series being reduced 
to one; and 4th. The analogous form shown by Fig. 3, in which 
all the ties of the bracing are vertical, and the struts at 45°, The 
loading will be considered as applied in two different ways, lst, 
as concentrated at the level of the upper boom; and 2nd, as 
wholly at the level of the lower boom. The modes of attaching 
the girder to the piers will be three; viz.:—1st. By the extre- 
mities of both booms, so that no end pue isrequired. 2nd, by 
suspension, the attachment being at the extremities of the upper 
boom, aud therefore the end piece acting as a tie; and 3rd, by direct 
support at tbe extremities of the lower boom, the end pillar being 
then a strut. There will therefore be results for twenty-four 
different arrangements or combinations, in all of which the span 
8, the depth D, the bays of the roadway, and the amount of 
the loadiugs, are the same; the only changes being in the values 
of 6. The loadings we will suppose to consist of a moveable 
loading equal to one ton per foot run of the girder, and a fixed 
loading or dead weight, equal to half a ton per foot run. Were 
other values of the dead weight assumed, the number of combina- 
tions would be so nk fig increased, but the eatimate we have 
adopted is pretty, suited for ordinary railway bridges of 
certain spans. 

The values of a employed in the calculations are as far as found 
suitable drawn from the completed viaduct already referred to, 
the whole being of wrought-iron. The values of a are taken so 
great as to make a liberal allowance for op, epi for excesa of 
material rendered advisable or unavoidable; for excess of length 
of parta above the calculated length between the points of inter- 
section of the central lines; for rivets in the case of struts, re- 
quie to build them up; and for loss of strength in the case of ties, 
rom rivet holes, supposing these to be judiciously placed; these 
extras have been taken so liberally, that in some structures as 
much as 10 to 15 per cent, might be safely abetracted from the 
values of a. No general rule can be given for the value to be 
assigned to the factor a for struts : regard must be chiefly had to 
the unsupported length compared with the amount of stress to 
be conveyed, as this in a great measure determines the proportions 
of length to least width. Again, in girders, the form of section 
of the bracing struts will very 7 properly be chosen with respect to 
the first or strongest, marked A in the figures; and as all the 
struts must, for constructive reasons, be of somewhat the eame 
pattern, the shape determined upon will necessarily be very ill- 
suited for the central struts, and consequently the values of a for 
these should on this account as well as from their diminished 
stresses in proportion to their lengths, be greatly increased. 

The dep will be assumed as the unit of length, and one- 
twenty-fourth of the whole load on the girder will be taken as 
the unit of weight or stress; one-half only of the length of each 
girder will be calculated, and the weight of each part made 
= stress X length x a =V sec!Ó a. 

The details of the calculations for the case of the girders bein 
of wrought-iron are so fully given, that little trouble will atten 
the calculation of results for other materials or circumstances, 
since the requisite substitution of the appropriate values of a are 
rendered by such detail as clear as possible, 


Calculations of the Weight of Iron in the Bracings and End Pillars, 
1. In Table L are given the-elements and results of the cal- 


culations for the first or form, Fig. 1, when the roadway 
is situated at the level of the upper boom. 


J as a tie 
J as a strot ...... 000060 


ee 6 
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Table II. is for the girder as above, but with the roadwa 
the level of the lower Rn m TA 


TABLE II. 
Brace. a. a Secte. Weght. 
7 ua 0:00065 ...... 450... 2  ... 0:00585 
B. X 0:00076  ...... $:25 ..... PE LM 0:00494 
C. — e 0:00090  ..... 6 200... 2 ... 0-00860 
Di- ——x 0-00120  ...... 1:00 ...... 2. e 0:00240 
E. — uus 0:00045 ...... 2°00 ...... 929 ... 000180 
E — “ates 0:00045  ...... 825... 2. on 000208 
G —— ue 0:00045 e. 450.... 2 0:00405 
H cess 0:00048  ...... 600... 2 a... 000540 
0:03096 
Iasatio — ..... 0:00045 ...... 6:00 ...... l': we 0-00270 
I as a strut 0:00060 ...... 6:00 ...... l-— ^u 0:00360 


In the first of the above tables, the values of a are taken in 
excess of, but as nearly as possible in proportion to those for the 
actual viaduct. It will be observed that strat A in the second 
table has the same value of V as strut B in the first; but a better 
form, of section may be chosen for the former, a, for it is therefore 
taken somewhat less than for B : the other values of a are assigned 
from similar considerations. 

2. The elements and results of the calculations for the second 
form, or that with the economic angles as already Val gu are 
pra in Tables III. and IV.; the first being for the case of the 

oading being at the level of the upper boom, the second for the 


loading concentrated at the lower level. 
Tasta III. 
Brace. a. e. v. Bect6. Weight. 
A .. 0°00060 ... 45* 0 ... 6°00 ... 2:0000 0:00720 
B a 0:00067 ... 38°47 ... 4°50 ... 1:6457 0:00496 
C .. 0:00077 ... 36°25 ... 8:35 ... 15442 ... 000386 
D . 0:00090 ... 88°41 ... 2°00 ... 1:4449 .. 000200 
E ... 0:00120 ... 45° 0 ... 1:00 ... 29-0000 ... 000240 
F .. 0°00045 ... 58? 8 ... 3°00 ... 277782 0:00250 
G ee 000045 ... 51°37 ... 8:25 ... 2:5937 000879 
H we 000045 ... 50° T ... 4°50 ... 24821 oe 00001 
003224 
I as a tie 0:00045 ... O ... 6°00 .. 1:0000 0:00270 
I as a strut ... 000060 .. 0O ... 6°00... 1:0000 000380 
Tass IV. 

Brace. a. 6. v. Sec. Weight. 
A 0:00065 ... 89°17 ... 4°50 ... 1°6691 000488 
B -. 000076 ... 86°39 ... 9:25 ... 1°5586 0:00884 
Cc .. 000080 ... 33°41 ... 2°00 ... 1:4442 0:00260 
D .. 0°00120 ... 45° 0 ... 1:00 ... 220000 .... 000240 
E 0-00045 ... 58° 8 ... 2°00 ... 27782 ... 000280 
F 0-00045 ... 51°29 ... 8:25 ... 225786 ... 0°00877 
G 0-00045 ... 49946 ... 4:50 ... 23970 ... 00045 
H 0-00045 ... 45° 0 ... 6°00 ... 2:0000 000640 
0-0$024 
I as a tie .. 000045 .... O ... 6:00 ... 10000 ... 000270 
I as a strut 0-00060 .. O  .. 6:00... 1:0000 ... 000300 
3. Tables V. and VI. are for the third form of the girder, or 
that in which the struts of the bracing are vertical, the ties 


at an inclination of 45° (Fig. 2). The first of these tables is for the 
case of the load being at the upper, the second for the load being 
at the lower level. 


TII 
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Taste VI. 

Brace, a v. Sec!9, Weight, 
A. 70 uuu 0:00065 ... T5. uus l e 000504 
B- oues 0:00076 525 .... l 000399 
Co Aa 000090  ...... $:00 ...... L osas 0:00270 
iv 4D 2 . œ 0:00 ...... l ores 0:00075 
E 0:00048  ...... $:00 ...... y NEM 0:00270 
E — ... 0:00045  ...... 5:25 2 . 0:00472 
G —  ... 0:00045  ...... TTS ren 2 . 0°00698 
H | 0:00045  ...... 1050 ..... 2 .... 000945 
0:03688 
Iasatie — .... 0:00060 ...... 1:50 .... 1 .... 000030 
I as astut 000060 ...... 10°50: ...... I xe 0:00690 


4. The calculations of the weights of the various parts of the 
fourth form, Fig. 3, having vertical bracing ties, the struts bein; 
inclined at angles of 45° therewith, are given, for the two cases o 
the load being concentrated at the top and the bottom booms, in 
Tables VII. and VIII. respectively. 


Tasis VII. 
Brace. a. v. Seot? Weight. 
A Sines 00060 ...... 1050 ...... y e *01260 
Be —— 2 *00067  ...... 715... 2- de *01038 
Co Wwe *00077 ....... 28. uu Bars 00809 
D. .2- 00090 ...... $:00 .. p DM 00540 
Aot E eee PRAET 000 .... 1-455. 00080 
F 00045  ...... 800 ...... l1 eces 00135 
G estas *00045 525 ..... 1 00236 
Ho ——. 00045  ...... T75 ... lus 00349 
*04397 
Isatie — .... *00045  ...... 1050 ...... Le as . 100478 
Tasastrut....., 00120 ...... 1°50 .... 1l ....  :00180 
Taste VIII, 
Brace. a. v. Sect, Weight. 
AC 0 — mw *00060 ...... 10:50 ...... 2: *01260 
Be ae *00067 ...... TT75 ssis cM us 01030 
c assais "00077 ...... 525 ..... r ue *00809 
D o. . 00090 ..... . 800 .... 2 ec 00540 
fE o .. e 700046  ...... l50 .... l zi: 00068 
F ... *00045  ...... 5:25 ...... l tices 00236 
G — a 00045... ot ABS 3 l1: eis 00849 
H- ^us 00045  ...... 1050 .... 1l ... . 700472 
04764 
lasatie — ..... *00045  ...... 12:00 ...... l in 00540 
Tasa strut — ..... OK sensis 00 a... l .- 00200 
TaABL3 IX. 
Resulta for the Webs complete. 

1st Case: Load at Top. binc Mr mk T prs 
Jet Form of Girder e. 08301 ...... *08571  ...... *03661 
2 dito hanes *03224  ...... 08494  ...... *08584 
8 ditto  /— | ... 04078  ...... *04148  ...... 04798 
4 ditto | ... 04397  ...... *04870  ...... 04577 

2nd Case: Load at Bottom. 
let Form of Girder. — ...... 03096 ...... :03366  ...... 08456 
2 ditto —— uee 03024 ...... *08294  ...... 03384 
8 ditto — — | ... 03633 ...... *08728  ...... 04268 
4 dito aan *04764  ...... "05304  ..... 04964 


Calculations of the Weight of Iron in the Boome. 

The lengths of the bays, except in the second form, are all 
equal to unity. In Figs. 2 and 3 it may be observed that in certain 
cases the first bay of one of the booms may be omitted along with 
the end pillar: two additional combinations thus produced will 
be noted in the table of final results. 

It is impossible e me the simae of oe booms with 
minute accuracy, as for this purpose the nature of every detail of 
construction would have to be specified. All we an Men is 
to give values to the factor a just so great as to cover liberally all 
extras to which judiciously-designed girders may be liable. Thus, 
for instance, the boom at the level of which the roadway is 


situated, will generally demand an excess of material to counter-- 


balance any cross strains brought upon it, or augmentations of 
ita longitudinal stresses from the action of the principal horizontal 
bracing : but no change in the values of a for the boom on 
account of this will be made in the calculations; it will be under- 


‘THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


149 


stood that to meet it a smali portion of the values of a may be 
abstracted from the one boom and transferred to the other, the 
latter being the one at the level of the roadway. 


Taste X. l 
lst Form of Girder. Estimate of the Weight of the Booms when the 
load is all at the upper level. 


Upper Boom. a Stress. Weight. 
lst Bay os 00180 . ...... £5 . “00810 
, — oe *00070 — ...... 185 — ..... 00945 
8 S rosas *00060 — ...... 19:5 OT 01170 
| EM *00055 — ...... 2285 . ..... 01238 
04163 
Lowet Boom. —— 
Ist Bay —— 00087  .... 60 e *00402 
r  — Xue *00045 — ...... 15:0 —..... 00675 
9^ —— — A *00045 — ...... 210 — .... 00945 
4 - *00045 . ..... 24:0 9 ...... 01080 
*08102 
Taste XI. 
Ist Form, with the load at the lower level. 
Upper Boom. a Stress. Weight. 
1st Bay ee 00140 60 savers -00840 
p cre *00070 assess 150  ..... *01050 
d. — —— — aie'se 00060 | ...... 2YÍO — .... *01260 
4—— — re 00055  ..... 240 — ..... *01320 
*04470 
Lower Boom. 
ls Bay a *00080 — ..... 45 ses 00860 
au $57 — VA ` 900045 — ...... 185  ..... *00608 
S à "00045  ...... 19:5 Y 00877 
4.777 00045  ..... 22:5 aT 01012 
02857 
TABLE XII. 
2nd Form of Girder, with the load at the upper level. 
Upper Boom. a. Stress. Length. Weight. 
let Bay *00170 ...  5:8888 .. 1 . 700915 
.. .*00070 ... 151707 .. 1 ., 701002 
3 .. 700060. .. 20/7869 ... 1 e. 701947 
4 ..  '00055 ... 23:0000 .. 1 01875 
04599 
Lower Boom. —— 
1st Bay. *00067 60:0 . 11904 ... 00481 
2 00045. ... 150 . 10659 00720 
3 "00045 21:0 . 1:0710 01012 
4 *00045 ... 240 . 00907 ... 00720 
*02933 
TABLE XIII. ‘ 
2nd Form, with the load at the lower level. 
Upper Boom. a. Stress. Length, Weight. 
1st Bay .. 00140 ... 60 :8182 ... °00687 
2 .. 00070 ... 15:0 *9256 *009772 
3 .. ‘00060 ... 210 .. '*0239 01168 
4 oe . "00085 249 ie l'8333 .. 701760 
*04582 
Lower Boom. 
Ist Bay. ..  '000905 ... 8819 ..]1 -00850 
2 ..  '00045 ... 11:9133 ..1 ; *00538 
$8 -.. 700045 18:2314 ... 1 *00820 
4 *00045 22:0000 ... 1 *00990 
02696 


Had the above two tables been calculated with one uniform 
value of a for both booms, the total results would have been the 
same as for the regular form similarly calculated. 


TaBLE XIV. 


8rd Form. The estimates of the Booms for the two cases of a load at 
the upper and at the lower levels, may be made alike for this girder. 
Stress, 


Upper Boom. a. Weight. 
1st Bay... *00081  ..... 105  .... *00850 

2 Pise 00005 — ...... 180  ..... *01170 
8 00058 — ...... 225. naun *01805 

4... ——— xs 00055 — ...... 24/0 — *01820 
*04646 


150 
Lower Boom. e. Streas. ‘Weight. 
Ist Bey Sele e e — 00 s. “00360 
2 e 0 "00045 ww. 106 -- 00478 
9:  . ^ *00045 — ...... 180  ..... *00810 
4 ; *00046 — ...... 22b se *01012 
*02655 
Tase XV. 
4 Fort. Estimate of the Booms for both cases of the load being at 
the upper and at the lower levels. . 
Upper Boom. a. Stress, Weight. 
1st Bay sii m -00800 
2 *00080 *00840 
3 *00060 *01080 
4 eae *00055 01288 
08958 
Lower Boom. 
Ist Bay - EM *00045 m 10:5 *00478 
2 — 00045 ...... 18:0 *00810 
feres 00045 sesers 22:5 *01012 
4. —— — Gus -00045 240 — ..... *01080 
03375 
l TaBLE XVI. 
Summary of Resulta for the Booms. 
Ist Case: Load at Top. Top. Bottom. Total. 
lat Form of Girder . 04168 03102 07265 
ditto - 04599 ... -02933 07532 
8 ditto - 704645  ... -02655 07300 
4 ditto 08958  ... -03375 07833 
2nd Case: Load at Bottom. 
1st Form of Girder "04470 02857 07827 
2 ditto 04582 "02696 07271 
3 ditto *04645  ... -02655 *07800 
4 ditto -. 708958  ... -08375 07888 
Tasu: XVII. 


GENERAL SUMMARY OF RESULTS FOR THE GIRDERS COMPLETE 
(composed from Tables IX. and XVI., &c.) 


wi d pilars With eod 

1st Case: Load at Top. Pian. "nm pillars as struts. 

lm Form, Fig. 1. ... 10566 “10836 -10926 

is -. 10756  ...  -11026 11116 

3rd , Fig. 2. 11978 — .. . 11448 “12093 

4h ,  Fig.3. .. 11780  .. ` 12203 11910 
2nd Case: Load at Bottom. 

Ist Form, Fig. 1. .. 10428  ... 10693 “10788 

fud ,, -. 710802  .. 10572 -10662 

fd , Fig.2. .. 10988 ...  -11023 11568 

4h , Fig. 8 12097  .. 12687 -12297 


Srd Form, with load at top, and with end pillar and let bay of bottom 
boom omitted = 0:11018. 
4th Form, with load at bottom, and with end pillar and Ist bay of top 
boom omitted = 0°10297. 
. This table of results offers many interesting and instructive 
points worthy of attention, but we will only say a few words 
thereon. The most remarkable general conclusion is, that the 
weights vary in a much less degree than could have been ex- 
pected; this arises from the ratios of Table IX. being in a t 
measure overborne by the reverse action of those in Table Evi 
We must not however be misled by this into undervaluing the 
importance of & consideration of the inclinations of the braces, 
for were the spans in proportion to the depths much increased, 
we should get other resulte. 

The most important arrangement is that wherein the end pillar 
acts as a strat; and for this, when the Joad is at the lower level, 
the resulta are, as regards economy, in the order in which we 
would have ex ; when however the load is at the upper 
level, which will generally form the cheapest arrangement for a 
bridge, it appears that the regular form, Fig. 1, ranks first in 
order of economy. With the end pillars as struts, both the 
heaviest and lightest constructions ocour when the load is at the 
lowest level, heaviest or that for Fig. 4 being 15°33 per cent. 
in exoess af the 2nd form; when the load is at the upper level 
the heaviest, No. 3, exceeds the lightest, No 1, by 10°7 per cent. 

It should be noted, however, that the absolutely most econo- 
mical. structure is. not included in the table; but it is obvious 
that the resulta for it would differ very slightly indeed from the 
least of those for the two first forms, and from this and construc- 
tive reasons the first or regular form, Fig.1, should always be 
preferred. 
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That modification of the fourth form, in which the end bays 
of the top boom and the end pillars are done away with, appears 
at first t to economie merita, but it would demand a 
considerable addition of material to be devoted to steadying the 
top boom in a lateral direction. 

e will now show the use of the tables in calculating the 
actnal weights, in tons, of any girder, suited to bear a working 
load consisting of one ton moveable and half a ton fixed per foot 
run of the span. . : 

The unit of length is—S--8 feet, and the unit of weight or 
stresas is=14 S--24 tons; and as the quantities in the tables are 
calculated for the halves of the lengths of the girders, we have 
for the whole weight— S us 


Weight of girder=tabular number X rari 


Tabular number. ($) or= Tabular number . D*. 


Let us take examples of the regular form Fig.l, with end 
struts and the load at top. Thetabular number for these will be 
=0'10926, and we have 


x2= 


Span for Calculation. Weight of Girder complete. 
120 Feet E š Ad 24:58 Tons. 
180 ,, 2885 ,, 
140 , 33:46 ,, 
1850 5 x e ee 3841 ,, 
160 ,, at NE e 4970 ,, | 
These weights will appear to many engineers to be very light 
for such spans (the girders being double ones, or each suited to 


carry & whole line of railway); this lightness arises from the 
depth of structure. To show that there is really an excess of 
strength, we may calculate the stress per inch of section in 
the various The weight of à prism of good rolled iron, 
one foot long and one inch in sectional area, weighs very nearly 
0:0015 tons, and as a in the tables represente the weight of 
that fraction of such a bar required to convey one ton of stress, 
the number of tons of stress per sectional inch of the part will 

—0:0016—-a. Now applying this formula, we get the follow- 
ing stresses per sectional inch, on the supposition that all the 
material of any bay or brace is available as though spread over 
the calculated length. 


U Boom. Stress in Tons. (Brace. Stress in Tons. 
p ) .. 0:883 Comp. | A 2:5 Comp. 
2... .. 9148 ,, B 2:289  ,, 
3 e e 2500 p, C .. 1948 ,, 
4 . 2797, D e. 1:607 ,, 
Lower Boom. E .. 1250 , 
Bay 1 2:239 Tensive.| F 8:833 Tensive, 
2 9388 ,, G $:388 y 
8. . .. 8333 , H 8'333 ,, 
4 jue $:388  ,, 


To arrive at the actually efficient sections, and the correspond- 
ing stresses per sectional inch of metal, certain percentages 
would have to be deducted from the values of a, given in 
Tables I and X. These deductions would be much lees in the 
case of struts than for the ties, on account of lees weakening 
from rivets, and less material required for joint-plates, Andit 
will hsnce be seen that the strength given to the struts is very 
considerably in excess of that very frequently, but the writer 
thinks, with danger, allotted to them. : 

The weight of the ties in proportion to the weight of 
the efficient portion depends so much upon the leugths of the 
plates used, that no sati rule can be given for estimating 
the extras; the two principal items are—1st, the part of the 
section cut through or away by the rivet holes; and 2nd, the 
joint-plates. Now we may readily diminish one of these, but 

y increasing the other, so that, for plates of a given length, 
there is some degree of uniformity in the sum of these two 
additions of, in a certain sense, useless material. As an approxi- 
mation we may estimate the various portions of « thus:— 


Solid metal in section of Tie = 100 or 69:0 
Metal rendered useless by a y 
rivet holes oo... = 35 , 1732 
Extra metal in Joint Plates, EE 90 13:8 
riveta, extra length, &c. is " 
145 100-0 


In the case of the bays of the lower boom, there will be no 
extra length, but long joint-plates; in that of the diagonal ties 
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there may be no joint-plates, but the length may exceed that 
usedin the calculations. According to the above estimate we 
should take only 69 per cent. of a, in calculating the true stress 
solid inch of section: thus when a=0°00045, the stress so 
counted will bez20:0015-:-0-696— 4:83 tons. 
For a double girder with a span for calculation equal to 144 
feet, the weight is 354 tons, or in detail as follows :— 


Tons, Per Cent. of whole, — Appror.Batios 
Top of Girder = 18489 or 3810 ........ TM 
Bottom of ditto = — 10:050 ,, 28°39 38 
Web and Pillars = 11:862 ,, 39°51 85 1 


Here we find that when the depth of our openwork girder is 
made one-eighth of the span, the weight of the web complete is 
just one-half of that of the booms taken together, or one-third of 
the whole. If the depth be made only half of this, or one- 
sixteenth of the span, the weight of the booms may be roughly 
estimated at double, or say = 4; whereas, as explained in a 
former paper, the weight of the web would not materially 
altered—that ia, it still remain nearly equal to 1, and the 
weight of the whole girder will be represented by 5. Now in the 
best examples of plate girders constructed with a depth equal to 
one-sixteenth of the span, the booms may be set down at the 
same as for an openwork girder of equal depth,—that is, their 
weight will be represented by 4, while the web is generally one- 
third of the whole, or—2. Bo that, were we limited to such a 
depth of structure for both descriptions of girder, the openwork 
one should an advan in point of economy of weight 
in the proportion of 5:6. en however the depth of the 
openwork girder is made one-eighth, and that of the plate one- 
sixteenth of the span, the ratios will be as 3 : 6; each t of 
the openwork girder, viz, top boom, bottom boom, and web, 
being then about half the weight of the corresponding part in 
tbe plate girder. This is a very rough comparison to make on 
such an important point, and may therefore be allowably ob- 

to by the advocates of the plate form of web; it is, how- 
ever, offered NA the way,and we shall probably treat on the 
subject more fully at some other time. 


Edinburgh. R. H. B. 


—————(f———— 


THE ARCHITECTURAL EXHIBITION 
(Continued from page 96. ) 

Mr. E. B. Lamb, in his “Proposed Restoration of the Church 
at Mellis, Suffolk (37), does not employ flint-work in those che- 
quered patterns so common in that part of England. The tower, 
too, appears unduly heightened for its width, and we remark upon 
this point under the impression that its upper part is to be 
entirely new, the present tower having long been a ruin. Mr. 
Lamb has a whole succeasion of pictures arranged together, to 
which we can scarcely do more than direct attention. Moet of 
them are small, and sketchily done; but one and all, whether 
based on Italian or Gothic principles, are treated in that free and 
artistic manner in which their architect so much excels, and 
which causes one almost to overlook the venturesome anomalies 
whioh are occasionally introduced. Thus, “ Hodnet Hall” (33), 
is a capital specimen of a plain half-timbered residence, with 
simple overhanging gable-rafters and eaves; in (34) we have a 
pretty ** Villa to be erected at Kingston-on-Thames,” and a clever 
“Study for Schools at Shobdon;” (35) is a frame containing six 
subjecta, all happily conceived and expressed ; (38) contains a 
“ ? with stepped gables, effective in the extreme; also an 
“Interior of a Private Chapel, erected atCarnsalloch, N.B.,” which 
is noticeable for its stone roof, and curious scheme of partite 
groining, by which the main riba diverge, so as to come down 
on each side of à window—en idea which Mr. Lamb has re- 

aced iu his wood ceiling to the “Interior of a proposed 
Church? (18), in the next frame. In (40), among other excellent 
conosita, Mr. Lamb gives two characteristic drawings of “ Ware- 
houses for the Consignment and Store Company ;" (41), in his 
“Sketch for a Public Librarz,” essentially pure Classic in its 
treatment, and ably handled, there is a flat ental dome 
over the centre, which conduoes much to the completeness of the 
i Mr. Rushforth, in his * House now building in the West 
of England " (16, 17), has not ventured beyond a careful and oor- 
rect reproduction of Mediæval forms and details, and this is 
hardly to be commended. 
. Messrs. Willson and Nicholl, in (59), exhibit some excellent 
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“ Studies” of Gothic detail as applied to subjects which, to be 
treated properly, require the nicest discrimination and taste, 
viz, the “High Altars” of Roman Catholic churches. Thetwo 
herewith given are models of their kind. Very little can be said 
in praise of Mr. North's “Competition design for the Oswestry 
Cemetery" (56), which appears based on orangiz mistaken 
notions of Gothic principles. Nor will Messra. F. and H. Francie’s 
attractive frame of photo hs (57) bear a close scrutiny, 
for a similar reason. But IP there be occasion to object to these, 
what shall be said to the next.picture (58) in which Mr. F. G. 
Lee seems to have endeavoured to heap a mass of absurdities 
without a single redeeming feature. It is called “ Meophain 
Court, Kent,” and ita crudeness of forms is only equalled by 
the poverty of its details. A plinth is considered an all but indis- 
le, as well as useful, feature in Gothic architecture, but Mr. 
apparently thinks otherwise. The entrance porch is of wood, 

but of so odd a shape, and so pinched and feeble, that it looks 
more like the skeleton of a summerhouse than anything else. 

It is refreshing to turn to (63) in which Mr. Truefitt gives one 
of his characteristic modern residences—that erected at Hornsey 
Rise—showing what may be dove with economical materials when 
rightly handled. The only other contribution by this gentleman 
is (55) a slight but cleverly tinted sketch of a homely village 
church—Blakemere, in Herefordshire Mr. R. W. Edis’s two 
“ Chimneypieces," in (64), display correct feeling, and are boldly 
conceived. That for Mr. Woolner’s studio is of the plainest 

ible design, in red and black bricks, while that for the draw- 
ing-room of the Poet Laureate is proportionably elegant, in stone 
and marble, with inscriptions along the sloping top. (65a, 655, 
65c) we may mention in ing, as containing a selection of 
the “Illustrations” which have been recently given in this 
Journal Mr. G. Baxter’s sketches from Arbroath Abbey, and 
Glasgow Cathedral (68), may be instanced as rough bat effective 
renderings of their respective subjects, without that painful labour 
which is generally bestowed upon pencil drawings. 

Among the designs for “ Drinking Fountains,” that by Mr. 
J. Johnson (77) presents a few good features, while there is an 
over-ornateness as well as loftiness which appear to be un- 
n . Inthe “ ity Memorial” about to be erected in 
Brighton Cemetery, and designed by Mr. Burnet, the arrange- 
ment of the parts is as novel as it is pleasing, and the several 

are made subservient (as they should be) to the general 
outline, which is gracefully pyramidal. The style is the Early 
Gothic, and it would be unexceptionable, but that some of the 
supporting piers look scarcely equal to bearing the superincum- 
bent mass. The “ Piazza del Popolo," at Florence, is well shown 
(80) in an oil painting, by Mr. Shoubridge. The building is a 
rand and simple study of Northern Italian art. Mr. C. N. Beaz- 
fe 8 ‘Sketches in Frauce and Italy” (81), are ten in number, 
and among the best of their class,—clear, sharp, and correct, No 
effort has been made to indicate the shaded effect, but just so 
much only is jotted down as to denote the architectural propor- 
tions and details—in fact, they appear to be transferred from the 
author's sketch book, precisely as finished on the spot. 

In (86) Mr. C. H. Smith exhibits what he callsa “Design for 
an Octagonal Vestibule, with four porticoes to the principal 
Government Offices,” a scheme unquestionably destined to re- 
main in nubibus, for anything so extravagantly absurd it has 
seldom been our lot to encounter. The enormous scale on which 
such a building would have to be erected is, of itself, a sufficient 
barrier to its ever being carried out, nor do we see the slightest 
counter-advantage proposed to be secured. The site is probably 
intended to be not far from the spot where the Mediæval gateway 
at Whitehall formerly stood, but this latter, beautifal as it was, 
would shrink into insignificance, were the present idea to be ever 
realised. Mr. Goldie sends, as usual, several clever drawin 
including (90), “Studies for portions of new buildings, Arundel 
Castle,” and a “ Design (156) for the Hull Town Hall" In the 
former of these, especially, (for the frame includes several 
sketches) the author's appreciation of Gothic principles is un- 
mistakeable, and that knowledge has been judiciously exercised. 

Passing by the visionary scheme (91) designed to commemorate 
the exhibition of 1851, and whose “ Internal relievoe, frescoes, 
and stained glass, illustrating the objecta for which t medals 
were awarded, surrounding the central stair, would (somehow or 
other) carry the datum line of the world's science and art at this 
paa into future time,” we come to a matter-of-fact “design 
or the Birkenhead Workhouse,” by Mr. R. Griffiths (99), which 
at once levels our thoughts again to stern realities; while the - 
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adjoining selection of admirable lithographs, by Mr. J. B. Waring 
(3) consisting of “Sculptural and Architectural Studies from 
iraflores, Castile,” it is truly delightful to contemplate. The 

infinite resources of these designs are no leas remarkable than 
the skill with which they are here delineated, as every one 
must know who has looked over the sumptuous work from which 
they have been culled. The cast-iron and steel goods designed 
for Messra. Longden and Co., of Sheffield, as shown in (94), are a 
marked improvement upon the majority of such articles, the 
manufacturers having had recourse to the professional assistance 
of Messrs. Walton and Robson in preparing the designs. The 
drawing before us embraces an elaborate Gothic grate, fender, 
and fire-irons, another of a plainer kind, and some staircase 
railing and metal work. The principal grate is made in cast- 
iron, and so designed that it can be and upon a grindstone, 
and all its outer surfaces brought to a Sheffield polish; burnished 
brass mouldings surround it, and brass ornaments, as finials and 
angle-coverings, are added. The electro-bronzed architrave is 
studded with small convex mirrors and lesser enrichments, while 
upiderable portion of the front surfaces is i ibas mn 

iaper wor he grate proper is supported on standards, being 
an adaptation of the « doze” of Meodimval times. The fender is 
simply an electro-bronzed plinth, on which are standards carry- 
ing a steel rod. An ashpan is fitted under the bara of the grate 
and it follows the shape of the fender; the slopes of the intern 
bara in the ashpan are so arranged that the spaces are wider at 
bottom than at top, and thereby ashes do not so readily lodge. 
The fire-irons comprise several novelties, all devised so as to 

ractically useful. Notwithstanding these improvements, we 
earn that this grate can be procured at the ordinary price for 
articles of this class. Several photographs from drawings of 
works executed by Mr. E. Hadfield will be obeerved with interest 
in ($9), particularly his additions to a Convent at Leeds. 

(To be concluded in our next.) 


———— ÁüÓ———— 


THE BELL ROCK LIGHTHOUSE. 
7TO THE BDITOR OF THS CIVIL BEQGINEKR AND ARCEITAOTS JOURXAL. 

Sig —Sir John Rennie, in his * Account of Plymouth Break- 
water, published in 1848, says that the late Mr. Rennie ‘designed 
aud built the Bell Rock Lighthouse,’ while he withholds even the 
name of Robert Stevenson, the engineer of the work. This ground- 
less atatement, made for the first time thirty-seven years after the 
completion of the lighthouse, and twenty-four years after the pub- 
lication of Mr. Stevenson's ‘Account’ of the work, was 
refated in the correspondence of 1849 between Sir John Rennie 
and Mr. Alan Stevenson, which is to be found in the thirteenth 
volume of the Civil Engineer and Architect's Journal. Mr. Smiles 
in his * Lives of Engineers,’ just published, took his notice of the 
Bell Rock from Sir John Rennie; and I am happy in having this 
opportunity of acknowledging the courtesy with which Mr, Smiles 
at once agreed to delete certain and alter others in the 
recond edition of his book. As it still, however, contains much 
that is erroneous regarding the Bell Rock, I shall feel obliged if 
i will permit me through your columna to state the following 

rief résumé of the facta of the case :— 

lst. In 1800 Mr. Stevenson, in his capacity of engineer to the 
Commissioners of Northern Lighthouses, reported (23rd Dec.) 
his opinion that the erection of a stone tower on the Bell Rock 
was not only practicable, but that it was the only suitable struo- 
ture for that situation. 

2nd. In 1800 Mr. Stevenson made drawings and a model of a 
stone tower, and in that design he introduced the peculiarities of 
construction which constitute the difference between the Bell 
Rock and the Eddystone,—in particular, the improved form of 
floor to obviate outward thrust, and render the chain bars used 
at the Eddystone unnecessary. 

3rd. Acting solely on Mr. Stevenson’s advice and on his design 
and estimate, the Commissioners of Northern Lighthouses applied 
for a bili in 1803, which passed the Commons, but was thrown 
vut in the Lords, on mercantile and not on engineering grounds. 

4th. Subsequent to this Mr. Telford reported: and afterw: 
in 1805, Mr. Rennie, at Mr. Stevenson's own request, waa call 
in to confirm Mr. Stevenson's opinion. 

5th, In 1806 the Commissioners applied for another bill to 
carry out Mr. Stevenson’s plan of 1800, which was the only 
design before the Parliamentary Committee, Mr. Stevenson, aa 
engineer for the work, was first examined before the committee, 
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and explained his plan and estimate, and Mr. Rennie was next 
called in, and “ confirmed” his views. This bill passed. 

6th. The Commissioners thereafter proceeded with the work, 
appuinting Mr. Rennie as chief, or, as now termed, consultin 
engineer, as fully stated in Mr. Stevenson’s book; and it woul: 
appear that founding on this circumstance, and grated ignoring 
the facts of the case, Sir John Rennie assumes that his father 
designed and built the Bell Rock Lighthouse. 

7th. The only drawing furnished by Mr. Rennie was a pictorial 
aketch of a tower, with clouds and shipping in the distance, which 
sketch was not adhered to in the execution of the work. He never 
Surnished any section, nor any working-plans or specification of the 
Bell Rock Lighthouse. The only working-plans were those made 
by Mr. Stevenson. 

8th. Mr. Rennie, in his correspondence with Mr. Stevenson, 
And in his reports and sketch, named for consideration alterations 
on only five of the dimensions of Mr. Stevenson's original design ; 
which alterations Mr. Stevenson did not aprrove of, and did not 
adopt. These were: that the diameter o 
feet, and afterwards 45 feet, instead of 42 feet; that the height of 
the solid part of the building should be 50 feet instead of 30 feet; 
that the hollow or habitable part of the tower should be divided 
into four instead of five com enta; and that the height of 
the tower should be 85 feet instead of 92 feet. In determining 
the first three of these important dimensions, Mr. Stevenson 
adhered to and executed the work in exact accordance with his 
original design; in the fourth—viz, the height of the tower— 
instead of m ia it to 85 feet, as Rennie proposed, he increased 
it beyond his original height of 92 feet to 100 feet. The fifth 
suggestion of Mr. Rennie was, that the part with the central 
stair should ba 30 feet, and the solid masonry only 20 feet; but 
as this would have made the solid only 4 feet above high water, 
Mr. Stevenson rejected it, and wisely adhered to his own design; 
and, from what I know of the building, I can with positive cer- 
tainty affirm, that had Mr. R nnie’s suggestion been adopted it 


would have proved fatal to the structure. 
9th. Mr. Rennie, in hia correspondence and in his reports, dis- 
approved of the deviations from the construction of the Eddystone 


which Mr. Stevenson, in his original design, suggested in the 
formation of tlie floors, and the means of tieing the walla together; 
but Mr. Steveuson in this also adhered to his own design, and 
dispensed with the use of chains for binding the building even at 
the upper floor, where Mr. Renuie regarded them as indispensable. 

10th. Mr. Steveuson therefore acted independently and on his 
own responsibility as an engineer, in determining the diameter 
of base, height of solid, internal arrangementa, and dispensing 
entirely with the safety chains; and executed the work, in these 
vital and all important res in accordance with his original 
design of 1800. This he did in direct variance with the views of 
Mr Rennie, whose real responsibility in connection with the 
work was his confirmation of Mr Stevenson’s opinion as to the 
prenan of a tower of masonry. The Bell Rock Lighthouse 

as now withstood the winter storms of half a century. Had it 

failed, or were it to fail now, no responsibility could have rested 
with Mr Rennie, whose Suggestions as to the important matters 
refered to were not adopted. 

11th. The amount of responsibility may be judged of from the 
fact, that while Mr. Telford was paid for his advice £77—Mr. 
Rennie, for his advice, including supporting the bill in Parlia- 
men) £420—Mr. Stevenson was paid £4052 16e., of which £315 
was for preliminary work, including his original designs, which 
were made out before either Mr. Telford or Mr. Reunie had been 
consulted. 

19th. Mr. Rennie never arrogated to himself the credit of the 
Bell Rock. On the contrary, in writing to Mr. Stevenson on 7th 
Sept. 1807, he designates it as “a work which will, if successful, 
immortalise you in the annals of fame" Stronger language could 
not have been used had he been speaking of Smeaton and the 
Eddystone; and, coming as it did from Mr. Rennie’s own pen 
while the operations were in progress, it convincin, ly disproves 
the statement made thirty-seven years after by Sir jo n, who, in 
his ‘Account of the Plymouth Breakwater, not only says that 
his father “ designed and built the Bell Rock Lighthouse,” but, as 
already stated, actually suppresses Mr. Stevenson's name—a sig- 
nificant fact, which, I submit, is fitted to disqualify Sir John ae 
&n authority, and to render utterly valuelees his assurance given 
to Mr. Smiles that his account was “ perfectly correct.” 

13th. The late Mr. Charles Cunningham, who was secretary to 
the Commissioners of the Northern Lights while the Bel) Rock 
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was being erected, and who at the same time held the office of 
clerk to the Leith Docks, writes to Mr. Alan Stevenson on 29th 
May 1849, in the following terms: “I had frequent opportunities 
of being with Mr. Rennie during his periodical visita to Scotland. 
The wet docks he planned and executed nader the superinten- 
dence of a resident engineer, appointed by himself. e Bell 
Rock was planned by your father, and after having been sanc- 
tioned by Mr. Rennie, was executed entirely under your father's 
personal superintendence; and in all my communications with 
Mr. Rennie, which were not unfrequent, I never heard him lay 
claim to that work.” 

14th. The Commissioners of Northern Lighthouses. under whose 
auspices the work was initiated and carried out—who visited it 
repeatedly during ita p &85—to whom Mr. Stevenson reported 
directly on every point, from the selection of the foundation to 
the manufacture of the lantern—oompleted their part of the busi- 
ness by acts the most significant and uumistakable. They 
instructed Mr. Stevenson, at the conclusion of the work, to write 
an account of the Lighthouse; they appointed a committee of 
their number to superintend the publication, the expense of which 
was defrayed by the board; they placed Mr. Stevenson's bust in 
marble in the Lighthouse; und, at his death, they recorded in 
their minutes that to “ Mr. Stevenson is due the honour of con- 
ceiving aud executing the great work of the Bell Rock Light- 
house.” 

Thus we have opposed to the recent unsupported statement of 
Sir John Rennie, the deliberate opinions of the only persons who 
were ially connected with the work—viz., the late Mr. Rennie 
himself; the late Mr. Charles Cunningham, who was secretary 
t the Lighthouse Board at the time; and the Commissioners of 
Northern Lighthouses. 

In conclasion it may be asked, since the example shown b 
Smeaton, who himself saw every stone of the Eddystone laid, 
what credit can be due to any engineer in connection with the 
Bell Rock Lighthouse which is not included under one or more 
of the three following heads 1—viz. : 

Either, The original proposal to erect a tower of masonry in an 

aped situation 16feet under high water; 

Or, The proposal of any Ly le ay on Smeaton’s design 

and mode of carrying on the work; 

Or, The personal execution of the work, involving so much for- 

titude, zeal, self-denial, and knowledge of engineering. 

Which of these sources of credit does not belong to Mr. Ste- 
venson alone, in connection with the Bell Rock Lighthouse ? 


I am, &c. 
84, George Street, Edinburgh, Davip STEVENSON, 
April 1862. 
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THE ALBERT MEMORIAL 


Tax ‘ast number of thia Journal contained an investigation of 

some of the general principles which ought to regulate the 
desigr: and character of the monument which it is proposed to 
erect to the memory of the late Prince Consort; and we endea- 
voared to show briefly, that the monuments known as “crosses” 
in medieval architecture satisfactorily embodied those principles. 
At the time when these remarks were written it was generally 
understood that a very different kind of monument would be 
adopted; but it has been found impracticable to carry out the 
«ntemplated design; and at present the form of the monument 
appears to be altogether undetermined. 
, In resuming the subject, it may be well to advert to the exceed- 
ingly great diversity of forms which have been chosen by different 
nations in different ages for their memorials of the dead. Almost 
every nation which attained to wealth and power has left 
examples of such memorials. The first and most elementary type 
isthe monolith, of which the obelisk is only one of many varieties. 
Next in simplicity of design, although in many instances far more 
remakable for their stupendous magnitude, were the pyramids, 
which, according to generally-accepted conjectures, were immense 
monuments of the dead. 

As architecture advanced the form of monuments became more 
complex and very different in different countries of Europe and 
Asia Oriental monuments we may at once dismiss from our con- 
sideration, for notwithstanding the grace and magnificence of 
many of them, they are obviously anit to be adopted as models 
in this country. Of the rejection of Classic models we are by no 
means so secure. There is a powerful class in this country who 
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have personal interests in advocating the merits of Classic archi- 
tecture, or rather the debased styles which adopt ita forms with- 
out its principles, and who would doubtless be dissatisfied with any 
building which did not illustrate one or more of their favourite 
Five Orden Without, however, entering into a general discussion 
of the reasonableness of this taste, we may advert to one reason 
which, as it seems to us, is conclusive against the adoption of 
Classic forms in the Albert Monument. e monument ought to 
be lofty, in order that it may be visible from a t distance. lt 
ought at least (we suppose) to be higher than the surrounding 
trees of the Park in which it is to be placed. Now this requisite 
is not attainable with Classic forms without resort to contrivances 
which violate the principles upon which those forms were origi- 
nally designed. The most common of these contrivances have been 
the piling of columns one upon anothcr, as in the western façade 
of St. Paul's—the outrageous exaggeration of the original size of 
columns, as in the Nelson Monument at Charing-cross—or by an 
incongruous superstructure or subetructure above or below the 
columns. Are we premature in expreasing a hope that the day 
for repeating these absurdities is gone by? . 

The only definite suggestions for the Albert Memorial which 
have been made since the design of an obelisk was abandoned, 
are memorial windows, and buildings to be dedicated to some 
charitable purpose in the name of Prince Albert. Both these 
plans appear to us very objectionable. Glass is not a sufficiently 
durable material for a monument which ought to be designed to 
endure many centuries. How much remains of the ancient 
stained glass of our cathedrals and churches? Abundance of 
fragments, no doubt; but scarcely a complete window more ancient 
than the: Tndor period. Besides, memorial windows are not 
sufficiently conspicuous; for instead of being visible from a great 
distance, as we have said the intended monument ought to be, 
their effect is not visible except from the inside of the building 
which they decorate. ] 

Moreover, the proposal of a ntemorial window is liable to this 
objection, in common with the other proposal, just mentioned, 
for a charitable institution, viz.: that in either case the memorial 
would not be exclusively commemorative. It would be made to 
serve two purposes; and the purpose of commemoration, even if 
always regarded as the primary object, would lose much of its 
importance and dignity by association with a secon object. 
For instance, in the case of the charitable institution—either the 
institution is not really wanted, in which case the erection of it 
is a positive evil; or it is really wanted, in which case the feeling 
of charity ought alone to suffice to secure its erection. The con- 
trivance of combining the two objecta which have no necessary 
connection—a work of charity and a memorial—savours too 
much of thrift; looks too much as if there were not sufficient 
zeal for either object alone. Of course it may be objected that a 
mere monument is of no use, and that therefore its erection is a 
waste of money. The objection is—Why was all this money 
wasted and not given to the poor? This objection is not, however, 
likely to p: from those who reflect that memorials of public 
benefactors are natural benefits, because they encourage efforta to 
promote the welfare of the community. 

If we reject the proposals just mentioned, what are the alterns- 
tives? Surely we are not to repeat the frequent blunder of 
erecting isolated columns or uncanopied statues. The objections 
to monuments of this kind are so manifest that their adoption 
ought to be regarded only as so many Laer of utter debasement 
of architectural taste in the times which tolerated them. 

In advocating the adoption of a monumental “ cross,” we are 
not advocating the revival of an obsolete idea. If our method 
of reasoning on this subject has been correct, we simply wish to 
revert toa natural and reasonable mode of designing monuments, 
which has never become obsolete in the sense of ming un- 
suited to our times, but which fell into disuse when architecture 
became debased. The merits of these crosses are of many dis- 
tinct kinds. They are susceptible of great variey of design, 
size, and magnificence; they may be so constructed as to be very 
durable; and they are in a peculiar degree characteristic of Eug- 
lish art. There have been, it is true, some crosses of great 
beauty erected in Northern France during the Medieval pum 
but they were never so abundant there as in England. In this 
country, as Britton well shows in his essay on “ Ancient Stone 
Crosses," in the first volume of his ‘ Architectural Antiquities,’ 
they abounded in every county, and scarcely any great town 
was without ita market cross, preaching cross, or memorial cross. 
Why the name of crosses was given to those structures is by no 
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means clear, for the symbol of the Cross does not appear on the 
majority of them; and it is not a principal object in any of the 
beautiful, and interesting illustrations of the volume cited. 


THE SAFETY CONCENTRIC BALLOON. 


PO THE EDITOR OP THE CIVIL BNGINERR AND ARCHITBCT'S JOURNAL. 


Sin, — The actual state of aerostation at the present time is far 
from being perfected; as an art it is incomplete. The sup 
impossibility of guiding the balloon according to a given direc- 
tion, oblique to the wind, has been the long-contested question 
of aerial navigation, and the want of this important mechanical 
desideratum has hitherto obstructed its advancement as an art 
applicable to useful purposes, Another impediment exists which 
has continued to oppose its adoption as an adaptation to the 
wants and occasions of human life, namely, the dangers con- 
sidered inseparable from the practice of theart. The mechanical 
guidance of the balloon can be effected to'a serviceable extent by 
my invention, which I have named the Safety Concentric Balloon, 
and which it is the object of this communication to describe. 
As a source of recreation, aerial navigation stands unrivalled; 
in this sense it is that I consider its present merit entirely to 
consist; but our exertions must be limited, and our pleasure 
curtailed, when we do not consider ourselves moderately safe, 
whether we travel over the water, through the air, or upon the 
land. By my method of constructing a balloon I remove all dan- 
ger whilein the air, and extend the relations of the art by a new 

iding principle. Aeronanta have dangers quite inseparable 
rom the present practice of constructing a balloon; all attempts 
to give direction to a balloon have failed hitherto, and great 
difficulties have been experienced in remaining in the aerial 
regions a sufficient time to insure the attainment of a given 
distance. My invention overcomes many existing difficulties. I 
propose to form a balloon of a series of concentric interior bal- 
oons—viz., one balloon inside another, the centre one to be made 
of sheet steel, iron, copper, or other strong material, permanently 
charged with gas, and solidly, but not stiffly connected to the car, 
to support and give effect to the steering and propelling resin 
When gas is discharged from the upper valve of a balloon, the 
cover is (in the present mode of construction) often rent, not from 
bursting, but by collapse, caused by the pressure of the atmo- 
sphere on the partial vacuum created. In the balloon that I 
propose, any portion of the gas between the first and second 
covers may be discharged without chance of accident. When 
necessary, the inside the second cover can be discha in the 
same way, and when all the gas between the consecutive covers 
is discharged, the central metallic or permanent balloon, and 
the balloon that contains or immediately surrounds it, will descend 
to the earth gently and safely, delivering up the voyagers with- 
out ‘damage or shock. It will easily be seen that the metallic 
balloon being filled, and eurionndea outside with gas, sustains 
very little pressure. 

‘ It may be argued that the material employed in all the covers 
would make a balloon stronger and safer with a single cover, than 
my balloon of balloons; this is not the case; fora cover composed 
of 8 boiler-plate, which would be twenty times stronger than all 
my covers put together, would give way if only a partial vacuum 
were created inside by suddenly discharging the gas. All that 
is required of a cover is the power to sustain the difference of the 
ressures of the atmosphere and of the inside. In my 
loon no mistake can be made in discharging the gas between 
the first and second covers, for the gas between the second and 
third covers maintains the required equilibrium, when the space 
between the first and second covers are empty, or partially so; 
besides, the exit of the gas from between the first two covers is 
not accelerated by the great body of gas contained in the other 
covera, which do not require the strength of the outer cover. 
Mr. Charles Green's ingenious discovery of the guide-rope should 
not be dispensed with—viz, a rope varying in length from 2000 
feet upwards, according to the exigencies of the case, the connec- 
tion with the earth by its means need never be entirely dissolved. 
It might be long pues to allow for any necessary-increase of 
the altitude of the balloon in the higher currents of air which 
exist in the atmosphere; this guide-rope should alao be of a mass 
proportioned to the weight against which it is intended to pro- 
vide, and lowered from the car by means of a windlass, and pasa- 
ing through a pulley attached to the hoop above, ailowed to remain 
freely suspended in the air. As soon as any alteration takes 
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place whereby the specific gravity of the balloon is increased, and 
It in consequence begins to descend, the lower extremity of this 
rope becomes gradually deposited on the grum and acting ín 
this case like the diacharge of so much ballast, keeps constantly 
abstracting from her weight below in the direct proportion ot 
the augmentation which it is receiving above; until, the latter 
having reached its maximum, and: an ni ee compensation 
having been effected by means of the former, her further descent 
is eventually checked, and she either continues to advance upon 
the level to which these vicarious alternations have reduced her, 
or rising again under the influence of the first change that occurs 
sufficient to produce such a tendency, and reversing in her 
ascent all the proceedings that attended her depression, she 
gradually becomes charged with all her former weight, and ulti- 
mately quita the earth in the same condition with regard to her 
resources in gas and ballast, as she was before circumstances had 
interfered to disturb the equilibrium of her previous course.* 
My concentric balloon may be constructed of almost any size 
with perfect safety, as the weizhta of the envelopes of similar 
shaped balloons increase as the squares of the diameters, or of 
simular dimensions, while the solidity increases as the cubes; 
hence the quantity of gas between two consecutive covers may 
be made to assume any fixed relation to the area or weight of 
the outer cover. Suppose the inner balloon A E B to have a 
diameter AB=20 feet, a surface=1250 square feet, and a solidity 


v 


T 


=5000 cubic feet; and let CD=29 feet be a diameter in the 
balloon C T D, then the surface of the balloon CT D — 2628 
square feet nearly, and the solidity— 10,243 cubic feet nearly; 
therefore, 10,243—the cubio feet of. gas between the covers, and 
the ratio between the solidity and the surface is maintained. 
That is, 6000 is 4 timea 1250; and 10,243 is not far from being 
4 times 2628. G represents the guide rope, invented by Mr, 
Charles Green, and may be paid out of or taken into the car by. 
means of machinery attached to the hollow shaft QZ. FSH 


* Bee Monck Mason's ‘Aeronautica,’ page 1T. 
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is the outer cover, provided with a stuffing-box at O, so that the 
when it expanda may be diecharged through apertures in 

00, through the hollow shaft JK. VIN represents the second 

cover inside OHSF; CTDM the third balloon cover inside 

VIN, and so on. As many balloons as we please may be intro- 

duced inside the other, fitted to OQ by loose bands LMN. The 
as it expands may escape through the hollow shafts OQ, and 
by means of apertures in OQ. 

PQisthe inner balloon, and may be made of copper, steel, 
indis-rubber, or gutta-percha, and may be easily moved up and 
down inside the balloon AEBL, so that JK connected to OQ by 
a crank inside the car gives a forward motion to the whole 
machine, by means of screw sails X, X, and Y, Y. P isa valve 
to allow the air to escape from PQ, while itself and the inner 
cover AEB immediately next are being inflated; it may then be 
closed during the voyage. The upper valves of the rest of the 
concentric balloons may be operated upon in the usual manner; 
the balloon A E B enclosing PQ is not furnished with an upper 
valve, so that when the ballast and the guide rope are all out, 
and the gas of all the balloons outside of A E B is discharged, 
the machine may deacend quietly to the earth. 

Ihave other methods of applying my system to practice with- 
out altering the combinations that constitute the invention, 


ErzANoR Rvoa BYRNE. 
21, Tollington Road, Holloway, N. 


TO TER EDITOR OF THE CIVIL NNGINSER AND ARCHITRCPS JOURNAL. 

Sm,—Notwithstanding all that has been written on hydraulics, 
I think a simple formula is needed for cases which frequently 
occur in practice; for instance, it is often necessary to determine 
accurately the velocity with which water will flow from a given 
pipe, say at D, after having passed through several other pipes 
of different dimensions, lengths, and inclinations from the reser- 
voir or main; and the case mes more complicated when side 
branches are flowing from some of these pipes, as at B and C at 
the same time. Take the following example:— 


aa acne m 


ad, Permanent level of water, AB, Pipe 500 feet long, 24 inches diameter. 
BC, Pipe 600 feet long, 18 ins. diameter. CD, Pipe 800 feet long, 12 inches diameter. 
Aa=25 feet. Bd=80 feet. Co=20 feet, Dd=40 feet. 


And suppose moreover that a very short side branch pipe 6 ins. 
diameter was flowing from B and C at the same time. Then 
nired the velocity of the water through each of the pipes AB, 
BC, and CD, and especially the velocity of discharge at point D. 
Ifany of your correspondents would elucidate this example by a 
simple formula, I think they would confer a general favour. 
Referring to the letter of “Observer,” page 375 in your Journal 
for Dec. 1861, there ia some mistake, as the formula quoted is not 
to be found in your Journal, vol. xv., p. 353. Allow me also to 
suggest the great convenience of always giving the value of the 
letters when quoting formule, rather than of referring to the 
works in which they appear at length; for many persons cannot 
without great trouble conault these works, and in consequence of 
the various signs and numerous authors it is impoesible to carry 
formule in the head. Your valuable assistance in solving this 
problem will much oblige. 
ENQUIRER. 


Tron and Concrete Pavement in the City.—The roadway of the 
Poultry, commencing at the corner of Charlotte-row, Mansion 
House, and extending about 100 yards westward from that point, 
is being laid with Knapp's patent pavement, which consists of 
hollow iron blocks, divided into small compartments, the latter 
being filed up with concrete level with the surface. Four of 
these blocks will make a square yard. On each side of the road, 
close to the edge of the footway, are being laid hollow cast-iron 
tramplates, 6 feet in length and 18 inches broad, which are first 
flled with concrete, and then turned over, leaving the indented 
iron face upwards, thus forming solid tramways. To keep the 
paving level at each end, iron girders, 18 ft. 9 in. in length, will 
cross the roadway. The blocks lock into each other, and form a 
solid mass of iron and concrete, 
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AUSTIN'S a camer ER OFFSET PLOTTING 

We have on our table specimens of Mr. Austin’s scales. The 
principle is simple, and the arrangement ingenipus and remark- 
ably convenient. The ends of the scale have brass croas-pieces, 
with “Station Pointers.” By placing the scale go that the Sta- 
tion Pointers are upon the Base Line, the zero of the offset scale 
is made to coincide with this line. The offset scale being gradu- 
ated right and left from zero, the offsets on either hand can be 
plotted with facility as fast as they are read off from the field 
book. The trouble and delay of either shifting the scale or going 
over the survey twice (once for right offsets and once for left ofi- 
sets) is thus done away with. 

In each cross-piece are two steel spring points, which are 
worked by a acrew with a milled head. By these the ends of the 
scale are fixed down to the paper and drawing board, so that the 
draughteman has only the care of moving the set square forward 
as the plotting proceeds; the right hand is thus left at entire 
liberty for the use of the pricker, orthe pencil or pen, so that 
the delineation can be carried forward at the same time as the 
plotting. 

The scales and offset scales can of course be graduated as 
desired, the essential principle being the graduation of the off- 
set scale right and left from a zero point at a fixed distance 
from the guiding edge. Each of the patterns before us has two 
scales upon it. In pattern No. 1, the the two scales are separated 
by a clear interval of at least 6 chains, and connected at the top 
and bottom by the brass croas-pieces, the “Station Pointers ” 
being placed in the central line. The middle space is just wide 
enough for the offset scale to be Bet in it so as to alide along 
between the scales, the left-hand scale being read from. By this 
arrangement at least 3 chains on either side of the base line can 
be plotted. Iu pattern No. 2, one scale is given, graduated ou 
either edge. The brass cross-pieces form T heads, so as to give 
a pair of “Station Pointers” for each side of the scale. This 
arrangement is stated to be less costly, and capable of being 
more readily fitted to existing scales. 

In a third pattern, the “ Station Pointers” can be set at a con- 
siderable distance from the edge of the scale, as they are on a 
brass bar, which slides either way by a rack and pinion move- 
ment. This is intended to fit the instrument not only for surveys, 
but for plotting sections, for which, no doubt, it affords some 
advautages. The racks must of course be marked so that they 
can be set to suit the length of off-set scale, for which they are 
intended. They ought to work true and rather stiff; and if not 
furnished with steel points to pin their ends down to the board, 
should be clumped by the same movement that pins down the 
scale. Attention to these details will, we doubt not, render 
pattern No. 3 extensively useful. The other patterns are perfect. 

Mr. Austin’s method affords marked facilities for plotting in 
all cases where the off-sets do not exceed a certain limit; and it 
will not fail to commend itself to many, as it effects a considerable 
saving of time, both in plotting from a field book, and in plotting 
to a reduced scale. 

The instrumenta are sold (by the inventor) at Blackwell’s, 
9, Cranbourne-street, Leicester-square, W.C. 


Trial of Steam Fire Engines.—A trial of the steam fire engines 
belonging to the London Fire Establishment was made on the 
16th ult. at the distillery of Mr. Hodges, Lambeth, in the pre- 
sence of a numerous com of visitors. The new steam fire- 
engine recently made for the London Fire Engine Establishment 
is of nearly the same dimensions as the one so long located at 
Watling-street, now removed to Chandos-street station, to give 
place to the new one. Steam was got up in 15 minutes from the 
time the fuel was lighted, with l100lb. pressure of water and 
120]b. pressure of steam. Though a brisk wind was blowing, a 
jet of water from a l}-inch nozzle was thrown perpendicularly 
160 feet high, aud upwards of 200 feet horizontally. A tank of 
water holding 459 gallons was emptied in one minute and a 
quarter, thus doing as much work as four hand brigade-engines 
at their ordinary rate of working. Mr. Hodges then manned one 
of his band engines (weighing, when mounted: with complement 
of men, &c., two tons), and threw a 1d-inch stream a horizontal 
distance of 190 feet. The large hand-engine made by Messrs. 
Merryweather and Son for the London and North-Western Rail- 
way Company waa next tried. It required fifty men to work it. 
The playing of this engine fell short of Mr. Hodges’. It is fitted 
with quick pumps, with a 94-inch stroke, 
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2581 nie saber 1g machine for setting up and distributing printers’ type— 
r 
.—lIm 


10 
2698 Ryder, W. proved machine for fluting rollers—October 28 
2611 Fearnley, J. Saree steam hammers—October 19 
3552 Nelson, H.— for punching waahers—Oetober 12 
2588 Clark, W.— for bending iron rails (com.) — October 16 
2686 England, G.— Improved planing machines—October 22 
2877 Loomee, E.—Improved machine for moulding eevee 15 


$101 Mennous, = A. F.—Im Jack machin eavy bodies (com.)— 
* proved for moving heavy ) 


$678 Gibeon, H. poii m slate dressing macbine—October 25 

2762 Worsham, 8. W.—Improved machine for cutting wood 

2912 Johnson, J. H. —Improved wood carving machine ggm. )--November 20 
2480 Knox, G Sait paper machine— November 30 

2599 Streather, W.—Improved wind engine October 18 

2668 Dicks, W. ‘—Improved water meters— October 24 


281 De Bonlteville, J. D.—Improved machine for spinning—January 29, 1862 
2624 Holdfield, E Improved self-acting mules for spinning—October 21 
3584 Roberteon, W.— Improved mules for spinning and sri aaa 26 
2585 Smith, E.— Improved apparatus for winding yarn—Octoder 1 
3685 Bidebo:tom, J.—Improved machine for AT spindles ot bem and other 
590 T. W imposed a tehing -Febr 18,1 
ongue, W.—Im ecu machine—Fe 
596 Tongue, W.—Improred ird for preparing 
March 8, 1862 
2400 Rowan, w. rd pne in scutching machines—October 
2650 Morel, 4. — Machine for combining all tous Series RS 23 
2510 Simpson, W.— Improved twist lace machine—October n 


de od other fibrous 


2604 Job J. Bin ved braiding machine—Ooctober 1 

Fan peal J.—Im machine for taniuctring healds—Oct. 10 
1. precii healds for weaving—October 

ed t .—1Itmproved means fur treating and obtaining us materials—Oct. 11 

24687 , J.—Improved ploughs, d &c. —Octeber 5 

2505 W or, J. C.—Improved ped des ae 


thrashing and dressing machine—Oct. 7 
2594 Goucher, J. —Improved beaters and drums used in di se "ber 18 


uw Holt, C. H.—Improred steam engines and boilers—October 
Rente A. V.—Improved means for reducing the pore Tang aud wear of slide 
valves of steam engines (com.) — December : 
2625 DUNS d J. A.—Improved en ber 2 
"2455 Davies, J. e inpenred steam odes Qoia 3 
2749 Henry, M.—Iwproved steam engines (com.)—November 1 
354 Macnab, W.—Jmproved steam enginee—February 11, e 
2180 Fanshawe, J. A.—Improved steam generators—October 31 
2406 Improved tap for regulating the flow of of steam—October 5 
. 2502 Imbroved tod laguna October 7 
2811 Groma, 1 to proved apparatus for generating and condensing steam— 


from steam generators (com.)—Oot. 25 


Rows, nae, J — Improved ta or valves—October 16 
2568 Gilbert, J.— ys — October 15 
oaao ru s for railway and other vehicles—October 25 


ways 

2616 De aie Sleepers and chairs for permanent raüway—October 19 
for permanent ways— No.ember 29 

J.—Bailrosd car other vehicles—October 95 


3606 face c. ginis y signal apparatus — October 18 
3464 Henley, T. W. ^ Eletrie télegraph apparatus—October 3 


$120 h, E —Improvementa in sailing ships—October 80 
2492 Collins, J. 8. —Apparatus for reefing and foriing sails rides rites 5 
3655 Toward, J. ee for ships. and securing the same to the side of & vealel 


3182 Tate, W.— Armour plates—December 19 


2579 Lister, J. Hoisting apparatus —October 16 
5083 M W Improved blocks for holsting—December LI 
Improved windlasses—October 35 


2584 Welch, W.—Marine screw propeller — October 17 
86 Bousfield, G. T.—Improvemonts in propelling water craft—Jan. 4, 1862 


2522 Curtis, F.—Fire-arms -October 9 
2514 Bievier, R. W.— Batteries for war 
2619 Bloxam, H.—Sight for rifles and ordnance—October 19 
3703 Bayliss, O.—Double rifle guns October 39 
138 W. W. L.- Improved manner of motin, and apparatus for manœuvring 
cannon or ordnance on ships or vessela—January 18, 1862 
2601 Robertson, P.—Manufacture of cart (com, }—October 1 18 
9786 Thomas, L.— Rifle ordnance and proj 


2478 Brooman, B. A.—Manuufacture of coloured fabrics (com.)—October € 
2462 seas Ford, d C. G.—Mantfacture of cap fronts and trimmings— October 2 
4.—Method of forming waterproof fabrics —October 8 
2513 Baker, F. B—Im E res in stiffening lace— October 16 
3138 Topham, A. J, and B.—Manufactare of lace—October 30 
288 McKean.—Dressing yarns or textile DM Janasıy 29, 1862 
2447 Scott, J. W.—Leather washers and laces—October 1 


2459 Thom M Stather J.—Hydrau ic presses—October 2 
$638 Wi F. 0.— Hydraulic preases—October 32 
8181 Westwood, J.—Hydraulic presses — December 80 
3041 Newton, W. E.—Pumps icom.;—Deceinber 4 
226 Newton, W. E.—Pumping-engine ‘com.)— January 28, 1862 
3727 Norton, J. L.—Apparatus for raising water—October 80 
2700 Gilbert, G, M.—Preparing liqnid blue - October 28 
2865 Balmin, W. H.—Manufactore of flowers of sul hs 18 
3255 Laurent and Castehlas.—Cologring matters — 
2536 Tidmarsh, J.—Artificial manure— October 9 
$710 Gibbon, R. — Pre g grain for brewer«— October 29 
2348 Birchbeck, 5 «—Improved method of extracting ailver from lead (com.)— 


ber 
3561 Mackmeikan, H. RIA HAE gold or otber ores—October 18 
$574 Forster,—. aate vulcanised india rubber—October 16 
2637 Muschet, R.—Man of a certain metallic alloy— October 32 
2609 Muschet, © prea of pig metal— October 19 
2604 Smith, W.—Preparing stone, dor October ber 26 


ava Me ae E — October 8 
2616 Smith, W.—Regulating the pressure Led of gna—October 9 
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2628 Smith, J. I.— gases evolved from blast 2 
1381 Newton, W. E.—Apparatus for containing gaseous liquids— November 9 
$7 Hunt, J.—Gas and other chandeliers - Jannary 38, 1863 
2580 smith, W.— Apparatus for increasing the iligminating power of gas (om) 


October 17 
2795 Wigham, J. R.—Apparatus for manufacture of gas—November 7 


2614 Flinn, J.—Watchese—October 15 
2544 Btram, N.— Watches—October 11 


2559 Distin, H, J.—Metal musical wind instrumente—October 14 
267: Alexandra, R.—Pedal-box for small orgaus—October 25 


2528 Palmer, M ~ Lamps and lamp: vitia - Outer 9 

2591 We lamp october 16 

2630 Lamplong, H.—Means for igniting the wicks of lampe—October 21 
2595 Peyton, E.—Frames of metal bedsteads—October 18 

2840 Fox, c bedsteads—October 23 


. B.—Metalli 
2783 Norman, G.—Mounting cradles. —October 81 


2981 Howell, J. B.—Chain cables—September 18 

2534 Browne, B.—lmproved spring (com.) —October 10 

2160 Lockie, T. .— W rought-iron wheels—November 2 

2148 Mitchell, B.—Scissors and sheare—November 1 

2614 Browne, J.—Metal tubea—October 19 

2588 Cristophe, L.— ast-steel aud otber metal tubes—October 10 
2583 Weston W.J.—dcrew wrenches—October 17 


2470 Evans, I.— Manufacture of boots and shoes—October 8 
3202 Bousfield, G.— Machine for attaching soles to the u Moe leather a PIU N 
zn Lure H D.—Machine for y tees (com;) — Novem 

a? D. oe Soot or shoe with a wooden ahank— November 19 


Por dE G. — gewing boots and shoes—Ootober 23 
162 Tozer, W.— Boote and shoes— January 21, 1462 
9649 Deliry, J. P. V.—An improved kneading trough - October 28 
81 Ramsay, I. - Improved wanutacture of coke— January 11, 1868 
278 Hibbs, J.—Improved portable chairs, &c—February 1, 1868 
881 Ebbutt, A. Sim tored easy and oiber chatre-Febraary 18, 1863 
228 Morgan, G., H. and E.—Improved carriages—Janusry 
2631 McDoughall, C.—Iwproved means for connecting the ends of covered steel or other 
aterials for nol inee—Octobee 91 
2610 Lapeinter.- Improved fastenings for gloves, belts, &c.—October 19 
2488 E J.—Manufacture of buttons—October 
2564 Taylor, B. — Improved dress respenders—Octeber 14 
2481 Bmith. "Improved umbrellas— -eptember 30 
2841 Newton, W. E. - Improved skates icom.) - December 12 
4646 Brison, C. and Chavame A.—Ovens, &c.—October 23 
2678 Clark, W.—Securing mai] &c. E len —October 16 
$808 Johnson, J. H.— Treatment er] )—November 8 
2566 Wypants, C.—Chase for p 
2666 Boyde, R. A.—Fire-place for e jM 14 
1821 Lo - E. —Match-boxes— November 9 
$965 Willis, A. W.— Pencil holders — November 26 
2657 Tord W B T postali edu m ae liquid— 


28 
3012 P. R. C.— Infant's feeding-bottle—Novem 
4593 A Ayoun, R.—Improved apparatus for chimeye—Ocaber 17 
2683 Mennons, M. A. F.—Improved apparatas for ascertaining the degree of vitality 
Arg pay om is ates Orta ‘teaching horses to carriages — November 4 
2771 Ashley, J. —lmprov appa a —No' 
2959 Johnson, d Hs opora apparatus for preparing oval picture frames (com.) 
November 
9477 Hnsson C.—Improved process of silvering looking glasses—October 
2478 David A.—Improvements in fixing letters on m ic pi fotos October 4 
eer mca by means of a kite sad 


2494 Mares G.—Improved method of 
an apparatus connected therewith— 
2521 ird yy B.—lmproved means of obtaining and applying embossed metal — 
g bottles—Janvary m 1862 
2586 De cing C. -poved mee berth for eene pred 17 
25  Eschw .— Improvemen! treating wool— January 23, 
2661 Morris, S., Ware, oa Monckton, E. H. C.—Im mproved pibe vie Oct Li 


2666 Pulvermacher, T. "L.— Improved electro-magnetic apparatus - October 28 
2784 Bousfield, G. T.—Improved electro-plating--November 6 


127 Thompson N.— Improved apparatus for sto 
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what faulty, we here reproduce a part of it on a larger scale, whi 
idea of the marginal contractions. 
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distorted image being shown by the figure drawn in continoess lises 
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ANCIENT IRON WORK. 


(With an Engraving.) 

Frou the Church of St. Lawrence and all Saints, Eastwood, 
Essex (a good specimen of Early English work), we obtain the 
accompanying specimen of ancient ironwork, which still existe, 
in a somewhat dilapidated state, on the inner door of the porch. 
The church is said to have belonged to the priory of Prittlewell, 
in the time of Henry IL, at which period it was called a a 
but in 1390 it became a rectory, presentative by the prior an 
brethren of the before-named monastery, this being done through 
the powerof the pope, without the king’s consent or the knowled 
of the bishop of the see. The superior and brethren of the 
taimu in consequence were compelled to obtain a license 
from Richard II. in 1394 to appropriate this church with that of 
North Bhoebury to their own use. On the middle cross-bar upon 


the door are the remaina'of the following inscription :—“ 
Regat Intrantes eadem Regat.” the same plate we also 
arch Porch 


exhibit a fine old hinge from the inner door of the 
of Great Sutton, a village about 1j miles south east of Rochford. 
The sacred edifice is small, and is of the Early English period, it 
bas a tower at the west end, in which are a good peal of bells. 


— 


ARCHITECTURE AT THE ROYAL ACADEMY. 


Ir may, with reason, be asked, what is to become of archi- 
tecture in connection with the intended p of the Royal 
Academy? The latter part of this sentence, it is true, might be 
construed as referring to either the past or the present, and this 

isely accords with the idea in our mind when penning it. 

e institution of the Royal Academy, now nearly a century ago, 
contemplated the peruse and encouragement of architecture 
no lees than that of painting and sculpture, and for a time, when 
Cham Soane, and Cockerell were the great rulers of the art, 
its annual displays at Somerset House and in Trafalgar Square, 
hn such as ven and ie e it FE share of ssfepe par 
and respect. But this state of things comparatively, lon; 
passed away, to the disgrace and blame of all parties pi Aaa 
while the two other arts—painting especially—have not only 
maintained their ground, but actually profited, as it would seem, 
by the neglect exhibited towards their less favoured sister. In 
days gone by, yet many years after the location of the Academ 
in its preeent abode, architecture a room within its 
specifically and exclusively devoted to the exhibition of its own 
and kindred works; by degrees the thin wedge was introduced, 
and the space became encroached upon, next reduced to half, 
afterwards to still less, and last year when the alterations in the 
plan of the building involved a Prater on tod of its rooms, the 
architectural drawings were notoriously overpowered by their 
more numerous and showy rivals in the same apartment. This 
season, however, matters look still worse, so that what may be 
their future lot, how much longer they are to be suffered thus to 
dwindle, or whether they are destined to a speedy and utter 
extinction, is a problem which we cannot pretend to solve, but 
which unquestionably depends for its solution on the energy or 
the continued apathy of the profession iteelf. 

The number of drawings is this year, we believe, much fewer 
than usual, and these are unceremoniously grouped in the ante- 
room immediately ing upon the entrance stairs, sharing the 
wall space with crayon and other drawings of a general 
kind. Of very attractive, architectural subjects, there is cer- 
tainly a lack, in mue of the very fine picture, among one or two 
others (875), of Mr. T. Page’s “Design for the New Bridge at 
Blackfriars, as approved by the Bridge Committee" With the 
principal features of this design our readers are familiar; suffice 
it therefore to say, that these lose none of their im oe or 
beauty by the way in which the artist has treated them, which 
renders this drawing at once the largest and one of the most 
perfect in the room. Below this is perhaps the second moet im- 
portant drawing (882), “The New Town Hall, Halifax,” one of 
the late Sir Charles & last professional works, and by no 
means one of the least important, though, in point of design, it 
is much below the standard of many buildings designed in the same 
atyle by that accomplished architect. In carrying out the work 
some modifications have been introduced by Mr. E M. Barry, on 
whom the superintendence involved, but he has not, it appears, 
interfered with the strange looking tower which Sir Charles had 
Planned as its crowning feature, but which, besides being appa- 
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rently quite unnecessary, is decidedly, as part of the composition, 
inbarmonious and unsatisfactory. ne n 

In (825) Mr. T. Vaughan gives a tinted view of the interior of the 
celebrated cathedral at Pisa. The point selected for delineation 
is a happy one, as it enables the draughtsman to show the combina- 
tion of bold arches, and their banded and radiating enrichments; 
these being, for the most part, in structural material. The view 
is taken across the transept looking north. Malines and Ant- 
werp Cathedrals furnish Mr. E. 8. Cole with subjects for two 
charming pictures (827, 828), the former being an interior, power- 
fally treated, ially in the grouping of the crowds of people, 
and the trathfully substantial effect of the Ducis : e 
latter is an exterior, as seen down a narrow street, which displays 
the towers and a portion of the lower part of the west front to 
considerable advan so that its partial obscuration is of little 
moment. In spite of Mr. Spiers’ delicate and pretty drawing, we 
cannot bring ourselves to admire the “ Chimney-piece for the 
chateau of Blois, Touraine" (830), which besides being in the most 
extravagant style of Renaissance, has not even tbe merit of good 
outline to recommend it. . 

We miss Mr. E. Falkener this year, but his place ia worthily filled 
by Mr. F. P. Cockerell, who in (831) gives a delightful restoration 
of the “Street of the Tombe, at Pompeii" In this drawing every 
detail bas been well studied and expreesed, even to the MADE 
ment and dress of the mourners aud others attendant on the 
funeral procession, which is seen in the fi d approaching 
through the city gate. The colouring is excellent. From dreams 
in Classic Italy we next come to the stern realities of England, 
and observe in (832) a very plain but satisfactory dwelling 
house, of red brick, erected in Berkehire from the design of Mr. 
J. Brooks. (833) isa step in advance, in so far that it is a man- 
sion rather than an ordinary house, but though evidently founded 
on Pes of a most characterise of ee ae 
residences, Charleoote, there is a degree of tameness, resul 
from over-uniformity, which would have been better avoided. 
The architect is Mr. Gibeon. We by Mr. Smith’s “ Memo- 


street, Westminster. de tower is all dl ¢ > hiner! 
effect is disguised, yet by no means impro e o 
a lofty spire with dwar? pinnacles at its base. The at the 


e superin- 


The Thames Embankment question, which it is to be hoped is 
at last on the eve of being practically is revived in draw- 
ings by one or two exhibitors. (834) shows the scheme as pe 
paso by Mr. Henman, jun., “ highly commended” by Her 

ajesty d Commissioners. However clever and ingenious this 
plan may be, the elevational appearance is far from being pre- 
sappy Chay continuous repetition of ill-shaped, poorly- 
designed ks of building is monotonous in the extreme, and 
would contrast most disadvan usly with the varied outlines 
of the existing buildings, which, however irregular and abeurd in 
many respecta, have at least the charm of unceasin ag pae: 
ness. Mr. Henman’s plan may be practically a well-digested one. 
He contemplates securing a clear water-way, averaging at least 
700 feet wide, a quay along the banks of the river, with shallow 
floating-docks for wharfingers, a roadway 80 feet wide for water- 
side traffic, and a continuous range of fire-proof warehouses 
adjoining. There would aleo be an upper roadway 60 feet wide 
on each side of the river, at the level of and connecting each of 
the brid from Westminster to Southwark, with a glazed 
promenade. In the construction of the houses it is 
that each story should be provided with its separate staircase 
and a lift, and that each dwelling should be isolated from the 
one adjoining by vertical and horizontal flre-proof and sound- 
proof construction. (889, 890) is auother version of the same 
scheme by Mr. H. R. Newton, who, it will be remembered, ex- 
hibited another drawing of the same series last year. The 
primary intention of their author is to urge that the highest metro- 


88 
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politan requirements, and particularly those relating to street 
_ traffic, demand medium level embankments of an uniform height, 
and consequently his drawings have been studied more with a 
view to the elucidation of this feature than the diaplay of any 
special architectural compositions in the erection of new buildings. 
A “Suggested Design for a National Memorial to the late 
Prince Consort” (842), by Mr. Belihouse, is shown to a rather 
small seale, with plan, and a lengthy deaoription complete; but 
the drawing is hung so absurdly above the eye, that nothing 
whatever can be made out beyond the general form, which is 
that of an obelisk. Mr. F. Mew, who sends a similar “memorial,” 
for Newport Church, Jale of Wight (853), has been more fortu- 
nate, bed the drawing he exhibita is in many respects as meri- 
torious as it is original. It may be buey described as showing 
a mural tablet, between two windows filled with yane glass, 
the whole being inclosed by a border of incised and inlaid work, 
enriched with monograms, scroll-work, figure outlines, inscrip- 
tions, &c., bearing reference to the general subject. The com 
sition is on the whole a pleasing one, much of this effect being 
due to the well-selected materials and colours of which it is com- 
posed. In another different class of works (Cemetery Chapels), 
the selected designs for those at Rugby, by Mr. Bidlake, are 
unusually good, and are well shown in the four perspectives, and 
a plan comprised in (846). The best portion is the lodge, which, 
if it has a fault, is that rather too much has been. attempted. 
(848 and 868) are two views, interior and exterior, of the “ New 
Garrison Chapel at Woolwich,” as being erected from the designs 
of Messrs. T. H. and{M. D. Wyatt. It is in the Byzantine style, 
but without any particularly striking features externally. The 
interior is more original; it has galleries, and slender iron 
columns are employed to carry the roof, which to our mind is 
the poorest and 


mors 


quate and from the nature of this material the chief thing to 
aimed at in the design should have been a suitable expres- 


pine ideas, and these are awkwardly arranged. Mr. Goldie has 
nt one drawing (855), which is a better specimen of his bold 


as a whole. The next drawing (856) a “Cemetery Chapel,” 
erecting by Mr. J. P. Jones, is a shade still lower in merit. The 
design has, if we mistake not, been exhibited before. The single 
picture exhibited by Mr. Truefitt (857), is a characteristic one, 
and shows an exterior of one of the numerous villa residences 
which he is now erecting. Mr. Truefitt’s especial forte in adapt- 
ing his designs to his materials is in this instance happily evi- 
denced; while that over-quaintness, which is noticeable in some 
of his designs, appears only in a subdued degree. 
( To be concluded in our next. ) 


—— ———Á————— 


MACHINERY IN THE INTERNATIONAL EXHIBITION, 
1862. 


Tha Western Annex. 

Ix our time, that nation which applies the sciences to the arts 
to the best advantage and most economical effect obtains the 
highest poaition, and the greatest amount of influence and wealth, 
aud will keep the lead in the march of civilisation. The develop- 
ment of steam-power has much to do in the application of the 
arts. Boilers, the generators of ateam-power, are little improved 
since they were first invented, We have an infinite variety of 
boilers of different arrangements, the subjects of patents, utilising 
but a comparatively small amount of the developed heat. It is 
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to be regretted that steam-engines in the International Exhibitior. 
are not accompanied by either a model or working drawings of 
the boiler adopted. The engines in the annexe are put in motion 
by steam-power obtained from a nest of boilers constructed by 
Mesare. Hick, of Bolton, and placed in the rear of the conserva- 
tory of the Horticultural Gardens. Boiler-makers and those 
interested in the generation of steam should read Charles Wye 
Williams’ work ‘On Heat in ite relations to Water and Steam; 
embracing new Views on Vaporisation, Condensation, and Explo- 
sions.’* The classification of the machinery is good; and the 
collection contains many admirable specimens of mechanical 
skill. For workmanship, and, if we may use the term, mechanical 
cunning, the examples exhibited by John Penn and Son, of 
Greenwich, certainly stand firat. In the British end of the annex 
Mesars. Penn exhibit a pair of marine engines (No. 1955), excellent 
exponents of their skill. They are on the direct-action principle, 
and are intended for a screw steam-ship. The engines are of 600 
horse-power, manufactured for the Spanish Government. The 
cylinders 78 inches diameter, and 3 feet 6 inches stroke. The 
connecting rods are 9 feet long. Each condenser is provided 
with a double acting air-pump 23 inches diameter and 3 ft. 6 in. 
stroke, being the same as that of the piston. Messrs. Penn are 
masters of the science of balancing their machinery at all speeds, 
so that the motion of the crank is nearly uniform at high as well 
as at low velocities. These engines are of the same kind as the 
Sonnes being constructed by them of 1250 horse-power for 
H.M.S. Achilles, one of the cylinders of which is also exhibited 
in this department; it is a clean casting, well bored out, weighing 
18 tons; diseter, 42 inches; stroke, 4 feet. Near the cylinder 
is a massive wrought-iron crank-shaft and copnecting-rod, fitted 
dips with brasses for the same engines. The Warrior and 
Black Prince were furnished with engines of which those of th 
Achilles will be duplicates. Messrs. Penn are also engaged in 
making two pair of engines for the new iron-sided ships Minotaur 
and Northumberland. The marine engines (1891), exhibited by 
Humphrys and Tennant are very com and neat. This firm, 
by whom engines were supplied to the British, Brazilian, and 
other governments, have successfully studied two of the most 
important points in connection with engines for war purposes 
and for screw propulsion in general, namely, the compression 
of the greatest amount of power into the least possible com- 
pass, and have contrived that the engine should be, placed as 
much out of barm's way as possible. The pair of. 400 horse- 
power engines (1926) by the frm of Maudslay, Son, and Field, 
for H.M.B. Valiant, is well calculated to maintain the high 
reputation which this firm has so long deservedly enjoyed. 
Tod and McGregor hold a bigh position as engine builders, 
yet their directacting inverted cylinder marine engines (2009) 
show a very poor arrangement for sea-going vessels, However, 
the workmanship and finish of these engines are excellent. 
George Rennie and Sons, of London and Greenwich, exhibit a 
pair of marine screw engines (1964) for H.M.S. Reindeer, of 200 
borse-power, and similar to those of H.M.S. Perseus, These en- 
gines possess t strength, and are well calculated for effective 
ard work and long voyages. The Messrs, Rennie are represented 
in other classes to be referred to hereafter. Messrs. Fairbairn and 
Sons, of Manchester, exhibit a locomotive constructed for the 
Midland Railway Company. The boiler is composed of thick 
edged plates, double rivetted; no angle iron is used, the barrel of 
the boiler being flanged where attached to the tube plate. This 
engine was designed by Mr. Kirtley, Engineer of the Midland 
Railway Company. The Lilleshall Company, Shiffnal, Shropshire; 
the London and North-western Railway Company, together with 
a locomotive engine and tender, bring forward an ingenious appa- 
ratus, invented by Mr. Ramsbottom, for supplying water to ten- 
ders whilst in motion. The plan has been in daily operation on 
the Chester and Holybead Railway since it was tirst adopted in 
the winter of 1859-60. Various quantities of water, from 1200 
gallons downwards, can be fished up at speeds ranging from 22 to 
50 miles per hour; the arrangement has the effect of reducing the 
dead weight of the tender about 6 tons, equal to the weight of a 
loaded carriage. We must not pass tbe little locomotive engine 
of Manning, Wardle, aud Co., of Leeds; it is designed for 
mineral traffic at iron works, collieries, &c., and will go round any 
curve where an ordinary railway waggon will It is also 
well adapted for contractors' purposes; the wh being small, it 
will ascend steep gradients. The. wrought engine and carriage 


' *Seo reviews of this work in the volume of the Journal for 1860, page 318, and 
volume for 1861, pages 39 and 8$. 
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wheels, stamped, of William Owen, of the Pheenix Works, 
Rotherham, we purpose node specially hereafter. Although 
the locomotives placed in the Exhibition are admirable specimens 
of the progress and improvements that have been made in 
railway economy daring the last 10 or 12 years, and reflect 
eredit on the companies and firms who have manufactured and 
sent them to the Exhibition, yet the lug principle is not fully 
earried out in any of the locomotive engines exhibited. The 
proper disposition of permanent lugs or stops to relieve the strains 
and shocks on the bolts, and to sustain the action and reaction of 
the working parts, should be attended to with great care by loco- 
motive contractors. In the boilers exhibited there is scarcely an 
improvement worth mentiohing. The models of Harvey and Co.s 
single acting condensing engine (1880) on the Cornish principle, 
and of a safety-balance valve invented by W. Husband, although 
not new, deserve attention; the engine was erected by Harvey 
and Co., Hayle, Cornwall, and the Haymarket, London, for the 
East London Water-works Company, at Lea Bridge. The 
cylinder is 100 inches in diameter; working stroke, 11 feet. 
The pump is a plunger, 50 inches diameter and 11 feet stroke. 
This engine, when working full power, pamps 9000 gallons of 
water a minute, usually 140 feet high. In 1858 Harvey and Co. 
erected for the Southwark and Vauxhall Water Company at 
Battersea a pumping-engine, the cylinder of which is 112 inches 
diameter, weighing 36 tons. It is said that the total quantity of 
water pum for the supply of London daily amounts to 115 
million gallons. Of this large amount it is stated that 79 million 
[ara are pumped by single-acting engines. Harvey and Co. 

ve had great experience in the manufacture of machinery for 
stamping and crushing ores. Among the hydraulic machines, 
the steam fire-engines in the western annexe hold a high place, 
These machines are unfortunately placed in corners where it is 
difficult to observe their merits, The American steam fire-eugine, 
forwarded by Mr. Hodges of Lambeth Distillery, is very complete. 
Messrs. Shand and Mason, Messrs. Roberta, and Messrs. Merry- 
weather, stand well in this department. The experience of the 
managers of the fire-brigade of the metropolis for the past year 
or two, and the recent report of a select committee, clearly show 
that the engines, stations, and staff of the London Fire Brigade 
are totally inadequate to the efficient protection of life and pro- 


from fire. 
r. Martin's patent rocking furnace-bars, for land and marine 
ovem are exhibited in No. 1925. A furnace fitted with these 
rs is easily managed; the bars are easily moved by a lever, 
and clinkers and impurities are removed. We cannot see what 
object W., and A. McOnie, of Glasgow, have in view in exhibiting 
one of their 30-horse power high-pressure steam-engines. We 
are unable to find anything novel in either their sugar-cane mill 
or steam-engine. Mr. Macord exhibits (in No. 1922) machines, 
tools, and utensils used for bottling wine, spirits, and beer. 
Macord’s apparatus for bottling wine is the best in use: the 
(phone are fitted to the cistern with hiuge-joints, one pin forms 
the centre of all, they may be removed and replaced without un- 
screwing or screwing; they are also made so that one set will 
answer both for pint and quart-bottles. We cannot pass without 
remarking C. A. Preller’s macbine driving-belts (No. 1959), for 
transmitting power, made of leather prepared in a peculiar 
manner, combining strength with suppleness. By experiments 
made in Woolwich Dockyard, it has been ascertained that 
Preller's leather belt is at least 50 per cent. stronger than tanned 
leather; and hence superior to all substitutes for leather. 
Ravenhill, Salkeld and Co., of Ratcliff and Blackwall, exhibit 
some very fine models of engines. The first (1962) is a model of 
the ergines of the Holyhead mail packets, Leinster and Con- 
m. By each of 720 nominal horse-power. This model shows an 
application of the oscillating cylinder to the largest class of marine 
steam-engines; each cylinder 98 inches internal diameter, weigh- 
ing. when finished upwards of twenty tons; the condenser 22 
tous, The engines were fitted with 8 tubular boilera, having 40 
furnaces and 4176 tubes, giving a total length of four and three- 
quarter miles of tubing; and the vessels attained an average 
speed at the official trial in Stokes Bay of 18 knots, or 21 miles 
an hour; the engines exerting an indicated power of 4751 horses, 
The second is a model of engines of 500 nominal horse-power, with 
horizontal cylinders and double piston-rods, for screw propellers, 
auch as are fitted by Messrs. Ravenhill, Salkeld and Co., for 
Her Majesty’s 90-gun line-of-battle ships. The third is a model 
of engines of the same power as the second model, bnt arranged 
for surface condensation. The fourth model shows a marine 
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ateam-engine, with inclined oscillating cylinders, designed for 
vessels having a small section with considerable rise of floor. 
Engines on this plan have been constracted by the exhibitors 
=p to 240 nominal horse-power. No. 1964 is a working model 
of a marine condensing engine’ for screw propeller, high and. 
low-pressure, with mue m condenser, by Messrs. George nie 
and Sons We have no doubt that these engines will work 
well; they are fitted with improved centrifugal pumpe for 
circulating the water in the condensers. Messrs. Rennie state 
that engines on this principle, fitted with boilers in propor- 
tion, apparatus for superheating the steam, and feed water 
heaters, can be made to consume not more than 2 lbw. of coal per 
indicated horse-power; however, the mode of obtaining this result 
does notappear. Mr. J. Scott Russell gives (1976) a three cylinder 
marine steam-engine, of 100 horse-power, working Szpennvely: 
with variable cut off surface condensera, with india-rubber pack- 
ing; diameter of cylinder 30 inches, le of stroke 3 feet. 
Captain Fowke's patent military fire-engine, made by Shand. 
and Mason, for Her Majesty's War Department, is au unpromis- 
ing affair. B. D. Taplin and Co, of Lincoln, manufacturers of 
steam fire-engines, and of traction engines in general, would do 
well to employ Fisher’s elongated aprings now applied to the 
New York steam fire-engines of Messrs. ,eee and Larned. We 
step aside to notice the feed-water regulator, indicator, and alarm 
for steam boilers (2028) of Francia Wise, of Buckingham-street, 
Adelphi. If foaming and scale did not interfere, this simple 
arrangement, with a float within the boiler, and without the use 
of stuffing-boxes, cocks, or other complexities, would regulate 
the action of the feed pump, indieate the water level, and, should 
the latter fall below a certain line, sonnd an alarm. We cannot 
see how Mr. E. T. Wright (No. 2032), gains forty per cent. 
additional strength by constructing a boiler with diagonal 
seams. 

The iron semaphore railway signals and eomupenseritg digui 
wire apparatus of Messrs. Stevens and Son, Darlington Works, 
Southwark, answer every purpose for which they are designed. 
They are complete, and may take their place in the front rank 
of modern improvements in railway appliances. One of these 
al acts for both ‘up’ and ‘down’ lines by day and night. 
They are the most durable and effective si in use; 
although invented recently, are now adopted on many of the 
lines in the United Kingdom, India, and Australia. Being 
made of open ironwork, they are not affected by violent gales, 
while the strong cast-iron base renders these signals secure, and 
not subject to decay, unlike timber signals, The patent wrought- 
iron distant yim of Measrs. Stevens and Son, fitted with 
Brydone’s candle signal lamp, are fixed in many instances 1800 
yards from the railway stations, and worked at that distance 
with ease and certainty. The compensating pullover level, with 
ratchet weight and chain, are employed to work the auxiliary 
signals at a distance from the station, the lever being fixed on 
the junction platform. The advantage of these over ordinar 
levers is, that by means of the ratchet balance-weight and 
fitted to the lever, the expansion or contraction of the wire 
through the variations of temperature is compensated for. It 
is desirable to have an efficient apparatus to show when the 
shifting-rail or point is open or shut; the indicators of Mesars. 
Stevens show most distinctly by day or night the state of the 
points, By day the disk divides, and by night the lamp placed 
at the back of or between the disk or disks, shows a red, green, 
or white light. , 

At present we are compelled to pass, in the western annexe, 
many effective machines, which we shall take an arny oppor- 
tunity of describing. Cotton machinery is extensive. [ repre- 
sented by Messrs. Dobson and Barlow of Bolton, and by Platt 
Brothers and Co. of Oldham. The cotton working machinery 
of these firms reflecta great credit upon the proprietors, who 
must have gone to great expense to set their machines to work 
in London, and to support a numerous staif to work and attend 
to them. The cotton machinery of Messrs. Hetherington, of tbe 
Vulcan Works, Manchester, is not inferior to that just men- 
tioned. There are also exhibited a large number of engineering 
tools, drilla, planers, slotting, sparing, chipping. trimming, and 
tarning machines, nut and bolt machines, wheel cutting machines, 
lathes, file and rasp machines, &c. 


(To be continued.) 
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ARCHITECTURAL DRAWINGS AND OBJECTS AT 
THE INTERNATIONAL EXHIBITION, 1862. 


THe objects and drawings of interest to an architect are of 
necessity widely dispersed in various parts of the building. Of 
the raw materials which he employs, some are to be found in the 
* Mining and Quarrying producta" of Class 1, others among the 
“Vegetable Substances used in Manufactures” of Class 4, and 
others again among the glass and potterv of Classes 34 and 35. 
The building and engineering contrivanoes form a class of them- 
selves, the architectural drawings and models are again separate; 
and lastly, when these various objects have been hunted up 
and examined on the British side, the visitor will find through- 
out the foreign side similar objects scattered about in various 
localities and among the contributions of various countries. 

We propose in the present notice to refer to some of the 
more prominent articles on the British sideshowing architectural 
design, leaving out for the present the specimens of tiles and 
stained glass, the buig materials and contrivances, and the 
foreign contributions. Of these articles some are situated in the 
nave and east transept, some in a “Mediæval court” on the 
north side of the nave, mixed up with and catalogued among 
articles of furniture in Class 30, and the remainder in a series of 
My east of the south-east transept, They include imens of 
upholstery work, hangings, stone carving, and metal-work, and 
taken together exhibit a remarkable degree of productive skill 
in these departments. The place of honour must undoubtedly 
be given to Mr Skidmore’s screen for Hereford Cathedral, this 
which is entirely of metal-work, Gothio in character, and executed 
from Mr. Scott's design, is fixed in the centre of the transept, and 
forms almost, if uot quite, the most artistic single object in the 
whole Exhibition. e skeleton or ground-work of the screen 
is simple and bold enough, an arcade of five pointed arches, the 
centre one wider and loftier than the others, and surmounted by 
a pediment finished by a cross, having a horizontal cornice run- 
ning over the side arches which is broken through by the central 
pediment. The lines of the features here described are strongly 
and firmly defined, and the eye grasps them in a moment—not- 
withstanding the almost endless elaboration of the ornamental 
details su ded; and in the good proportion and aaplay of 
these leading forms, and the vigour with which they are marked, 
lies the source of a t portion of the beauty of the work. The 

arches are subdivided each into two smaller ones by inter- 
mediate shafta carrying a cusped filling-in of open-work. The 
lower parts of the openings are filled up with an elaborate grille; 
the capitals, cornice, traceries, finiala, and crockete, are elaborated 
with the most perfect workmanship and design, and as a crown- 
ing finish there stand, eea on corbels above the main 
capitals, exquisite figures of angels, while the central gable is 
enriched by a figure of our Saviour occupying an open panel 
of the vesica piscis form. The materials employed are principally 
iron, bright brass enriched by coloured inlaid work, and beaten 
per; and the beauty of the work is enhanced by the judicions 
colouring given to the parte which are painted, in which a refined 
variety and contrast is carried out to & very great extent, without 
destroying the harmonious effect of the screen as & whole, but on 
the contrary contributing to it, This is justly a work to be proud 
of, as showing a capability for production of works of metal work 
such as has been lost since the middle There is, however, 
one canse for t, in the fact that the endlees variety found in 
ancient work of the same sort is not to the same extent present 
here; true, the repetition of the same flower, or the same me time 
after time, in a work of this sort enables ita expense to be brought 
within the com of comparatively ordinary outlay; aud to 
carry out to the full the utmost amount of variety and novelty 
of design in small as might have been possible, would have 
added greatly to the cost of the work, and doubled or trebled 
the time of producing it, without increasing the effectiveness of 
the ecreen taken asa whole; still, this waa wanted to make the 
Hereford Screen as perfect as most examples of the same nature 
executed in Mediæval times. 

Near the screen are a very fiue gas corona and two gas 
standards, executed to accompany it. The corona is bung so 
high as to defy scrutiny, in fact almost to escape observation, ite 
genersl form is very good, and its enrichments seem equally 
successful with those of the screen. The standards are noble 
and simple, but rich. 

The next most (important piece of ornamental metal work ex- 
hibited consists ofa fine pair of park gates, fixed in the nave; 
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they are manufactured by Messrs. Bernard, Bishop, and Co, of 
Norwich, but the name of the designer is not stated. These 
gates are not Mediæval in character, but are almost, if not quite, 
as perfect in workmanship as the screen just referred to; they are 
however exhibited at every possible disadvantage as regards 
colour, for not only is there no variety in material or variation 
in tone of colour, but that colour itself is à very inappropriate 
inky tint, singularly ill-chosen to show off a work of art. The 
design of this work is not so masterly as in the last instance, bot 
still it shows an intimate acquaintance with the p ies and 
capabilities of iron, and ite carrying out shows the existence of a 
remarkable body of skilled workmen. The thistles in the upper 
part of the work may be instanced as specimens of beaten work 
of the highest class. 

Near Mr. Skidmore’s work stands a sort of trophy, occupied 
by the contributions of Messrs. Benham, Hart, Feetham, and 
Bailey. In the varied displays by these four eminent manufar 
turers a amount of taste and executive skill may be traced, 
and especially is this the case in the Mediæval work sent by 
Messrs. Benham and Messrs. Hart. Altogether this part of the 
display of metal-work is most admirable, and belonging as it does 
to varied styles, and especially to those best periods of Gothic 
art which can never fail to retain their hold upon all refined 
minds, these specimens will probably receive, as they in fact 
seem to deserve, more observation than many of those which 
yet remain for’ us to notice. 

Passing now to works executed in other materials, we fnd 
unquestionable indications of great skill in the artificers, and 
originality on the part of the designers. The works in the 
Mediæval Court already referred to, and which was under the 
Sprin care of the Ecclesiologionl Society, present an 
which strikes a visitor as contrasting strangely with his ec- 
tions of the mediæval court of 1851. The objects exhibited are 
to a great extent cabinets, buffeta, book or o -cases in wood, 
and portions of the carving or sculpture of such features in 
churches as a reredos, pulpit, or font in atone or alabaster. The 
art seems in the eleven years that have elapsed to have gone 
back almost half that number of centuries, not in execution but 
in style, so that the forms here exhibited are many of them 
really archaic, while the inspiration of nearly all of them has 
been drawn rather from continental than English sources. That 
this has for some time past been the tendency of English Gothic 
has been obvious enough, but the Many uncommon, we had 
almost said uncouth, aspect of much here impresees the fact 
very forcibly on the beholder. Whether all our Gothic work 

ill turn to Romanesque of the most primitive type might be 
almost a subject for speculation to a of this court, were 
it not for his recollection of such obj as the Hereford Screen, 
and of such drawings as those, example, of Mr. Soott’s 
Foreign Office, or Mr. Waterhouse's Assize 

It will interest lovers of art to examine the painted cabinets 
of Mr. Bu and the inlaid ones of Mr. Shaw, Mesars. 
Prichard and Seddon, and other similar works; but it may be 
fairly ted that all the works in this court are so similar to 
one another in type, and that that type is neither the noblest 
nor, we venture to think, the moet commonly employed and 
al iated by those who love and follow pointed art. 

ving for the present these articles, which are not however 
by any means exhausted, the British architectural drawin 
seem to claim a moment’s attention. Of these there is a noble 
collection, very few architects of distinction being unrepresented, 
while the collection gains very much in importance from the fact 
that the majority of the drawings represent executed works. 

We have here the drawing by Sir Charles Barry, alas inet 
provements in connection with the Government Offices, vbi 
attracted so much attention at the time of the great competiln. 
This drawing is understood to have been executed entirely by 
own hand, and it and a series of sketches in the East, also e 
bited, will show how well deserved was the reputation for cd 
summate draughtsmanship that he . A modest selectio: 
from bis executed works, including the Palace of Westminster 
and Bridgwater House, is also exhibited, 

Sir Charlea’s sons are large exhibitors. Mr. Edward 
sends his fine Schools in Endell Street, and his Leeds Grammar 
School and other drawings. Messrs. ks and Barry exhib:t, 
with other works, their fine but unsuccessful design for the 
Manchester Assize Courts, and their design for the Government 
Offices, to which the seoond premium was awarded. Mr. Scott 
exhibits his designs for the same work, which, unhappily, he has 
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been obliged completely to modify. These are, perhaps, the 
elio rua drawings shown, though they are posibi 
pot the best designas among the series aent by Mr. Scott, a 
series which includes his Hamburgh Church and Hotel de Ville, 
his Doncaster Church, a restoration of the Chapter House, West- 
minster, and several other works. : 

Another series, remarkable for beauty of drawing and for fine 
colouring, is that exhibited by Mr. Owen Jones. His Palace of 
the People, designed for Muswell Hill, his St. James’s Hall, and 
his ik for the Manchester Exhibition, are all works that show 
& ul and fertile imagination and a profound knowledge of 
colour, while as specimens of masterly drawing they are worthy 
ofall attention. Special intereat attaches to the ' Design for the 
Decoration of the Great Exhibition Building, 1851,” as a record 
of what had been his intentions had they beon fully carried out, 
and as a contrast to the dull commonplace effect of the building 
in which the drawing itself is hung. 

Mr. Digby Wyatt, who has been associated in many works 
with Mr. Owen Jones, sends a somewhat similar contribution. 
His drawings are more numerous, but smaller for the most part. 
They moatly represent executed works, and some of the best are 

Courta, and the Screen from the Crystal Palace. 
The studies, sketches, and designs for decoration here given are 
most valuable. 

Professor Smirke sends but one drawing, it is, however, 
& work of great beauty, showing the Spp oM of various 
descriptions of coloured materials to polychromatic decoration; 
and with it deserves to be classed two exquisite drawings 
contributed by Mr. Penrose, to illustrate the polychromatio deco- 
ration of St. Paul's Cathedral. 

Mr. Newton exhibits a very fine drawing of London from the 
Victoria Tower, illustrating a proposition for the Embankment of 
the Thames; and the same subject, though not from the same 

int of view, is taken by Mr. C. F, Hayward, who also contri- 

tes a series of designs and executed works. 

Mr. Street is an exhibitor of several drawings; and, we need 
hardly add, that both original design and excellent draughtsman- 
ship are to be found abundantly displayed in his contribution. 
It is, however, desirable to direct attention to this series of draw- 
ings, because from their quiet style they may some of them escape 
iy among the more brilliantly-coloured works that hang near 


em 
Special attention should also be given to the designs, by Armi- 
stead, of sculpture to decorate a mansion recently erected by 
Meears. Prichard and Seddon. For a happy combination of 
medisval art; with modern details and forms, and for adaptation 
to decorative purposes, as well as for spirit and power, these are 
some of tbe most remarkable works exhibited, and we hope to 
find the same. pencil and chisel engaged on other works of a 
i Son f m archi ds d f 
e of our country itects sends drawings of great 
beanty ; thus, Mr. Waterhouse, besides other works, exhibits an 
exterior and an interior of his Manchester Assize Courts; and 
Mr. Cuthbert Brodrick his Leeds Town Hall and the Town Hall 
at Hull; but any one acquainted with the works now in hand or 
completed within the last few years in the North of England 
cannot help regretting that a large number of the leading pro- 
vincial architects are not exhibitors; still it is a somewhat proud 
reflection after all, that the fine gallery of which we have only 
mentioned a few of the very prominent ornamente, does not con- 
tain anything like all or even a fair proportion of the greatest 
works executed within the last twenty or thirty years, or even 
executed since 1851, in Great Britain. Notwithstanding this we 
have, however, we hope, said enough to justify us in claiming 
attention to the collection of drawings as one reflecting credit on 
our architects in general, and exhibiting also great talent in 
draughtemanship. 
€ cannot leave the architectural gallery without remarking 
that many of the most accomplished exhibitors will have cause 
as long as they live to recollect the skill, or the want of it, ex- 
hibited in the construction of a building about which no one of 
their profession was consulted; for a large number of the finest 
drawings are swollen, creased, and mildewed, owing to the damp- 
ness of the wall against which they hang; and should there be a 
wet season, will in all probability be returned to their owners 
completely spoiled. 


ie 
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THE ECONOMIC CONSTRUCTION OF GIRDERS. 
(Continued from page 151.) 
Since writing the last article on this subject we have caleulated 
the praotical weights of several other forms of openwork girders 
of similar proportions to those already given, and as several of 
these new forms possess considerable economic merit, and the 
whole will form a pretty complete investigation of thia ape cee 
group of girdere—having a depth equal to one-eighth of the span, 
the roadway divided into eight bays, the fixed loading equal to 
half a ton, and the movable loading equal to one top per foot run 
—it is desirable that the calculations of these new forms should 
also be given in detail, and the results for all the forms collected 
ther in one table. 

e group the results under the two distinct cases of the road- 
way platform being placed—lst, at or above the level of the 
upper boom of the girder; and, 2nd, at or below the level of the 
lower boom, We advisedly omit the case of the roadway being 
placed at the level of the neutral axis, such a position must generally 
entail the employment of much extra material, and has nothing 
to recommend it, at least when openwork pres are employed. 

Although tbe table of results shows that the girders: taken 
alone may be made decidedly lighter for the second case than for 
the first, yet for various economic reasons, the first arrangement, 
or that in which the roadway rests on the tops of the girders, is 
to be preferred, when the the choice can be made. Of these 
reasons for the preference we may mention the following:—First, 
lightness of the transverse girders; when single principal girders 
are used in a railway bridge, one being placed immediately 
beneath each rail, transverse are may be got rid of altoge- 
ther, without the use of unduly thick planking: and when the 
when the girders are double ones, or each capable of supporting 
one complete line of railway, the distance between them, or the 
length of bearing for the transverse girdera, may be only 11 or 
16 feet; whereas, in the case of the platform being at the lower 
boom level, the lengths of bearing for the transverse girders 
must be respectively about 14 and 25 feet, according as single or 
double principal aes are employed. The second reason is 
that free scope is allowed for the introduction in the beat manner 
of the necessary horizontal and transverse bracings; with the 
consequent lightness and perfection of action of these elements of 
the structure. The third reason is, that with the roadway at 
the top rather than at the bottom level of the qn the total 
bright or the structure is leas by a length equal to the depth of 

e girder. 

There should. then, when economy and excellence of construc- 
tion are considered, be no hesitation in adopting the first arrange- 
ment, whenever the circumstances admit of it. But very fre- 
quently this cannot be, as the arrangement would not allow of 
eufficient headway beneath the girders for the requirements of 
the road or river bridged over. 

When constrained to place the roadway platform at the lower 
level of our girders, it will be a source of great advantage if we 
can have these so deep that the upper booms may be connected 
together overhead by a horizontal feci! for in the absence of 
such & enim & Pa rp mae nna material a tbe 
upper booms to prevent lateral warpin consequent failure, 
would be demanded. But with the ardeta we are considering, 
or others of great proportionate depth, it will only be for trifling 
spans that this knitting together of ihe two booms cannot be 

By attaching the transverse girders so that their 
tops come in contact with the under surfaces of the tie-booms, 
a clear height above the rails and below the upper horizontal 
bracing, equal to the depth of girder for calculation, may be 
readily secured; so that with girders eight depths in span, we 
may use the connected arrangement, although the span be even 
somewhat less than 120 feet. And for spans considerably less 
than this it may still be advisable to adopt this tubular arrange- 
ment, by retaining the necessary depth of girder; for inatanee, 
for a span.of about 90 feet, we could have the depth of girder 
-equal to one-sixth of the span. 

When the spans and consequently the deptha are t, and 
the road at the lower-boom level, a light line of Porizsaiai 
Es may be run along the neutral plane, or near to it—tbia 
will greatly to the stiffness of the struts of the web, so that 


‘the allowance of metal (a) given to them may be considerably 


reduced. In fact, with such a support sgainat lateral bending, 
e girder afforded by the cross- 
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ing ties in the first form of girder, the lengths of the strutg of 
the bracing would be virtually reduced to one half. 

For either position of the roadway, it will generally be best to 
adoptone of those forms the results for which are given in the 
fast column of Table XXXII. For with such the piers need 
not be carried up beyond the lowest member of the girder. 

It may here be proper to give some farther particulars of the 
principles on which the values of the factor a for the various 
parte are assigned; particularly as these may not be thought 
very correct by some readers. And it is for this reason that 
the calculations are given in such detail, that the results with 
other values of a (either more correct or in accordance with the 
practice of other constructors) may be readily computed. 

The general dimensions and character of the sections of the 
booms will be chosen with reference to the greatest stress to be 
borne, which is here at the midspan; and this must lead to a large 
excess of metal being given to the less strained bays, so much so 
thatin the girders we are considering the extreme bays may be 
taken as not reducible below the following percen of the 
strongest or centtal bays when a proper regard is paid to firm 
and durable construction :—for the sectional area of the extreme 
bay of the strut-boom we give about 66 per cent. of the section 
at the midspan, and for that of the extreme bay of the tie-boom, 
about 35 per cent. of its central section. 

Then with regard to the struts of the bracing—the ' sections 
of these have in a general sense been taken from actual fabrics. 
It may be noticed in the first place, that when the vertical com- 
ponent, V, of the stress is the same for a perpendicular as for an 
oblique brace, the value of a has been chosen the same for each; 
the reason for this being that the actual stresses (=V sec 6) in 
proportion to the jugis are the same. Sucha rule would not 

correct were the struts all of solid section, or all of exactly 
similar sections, bnt when thestruts are built up of plates and angle 
irons, the rale is, within reasonable limits, practically very near to 
the truth. Again, if we take the case of a strut, say strut A of 
Table L, which receives support in one direction only, from the 
tie H, crossing and being attached to itat its middle, we find a = 
*00060; then turning to the similar strut A of Table XV., which 
receives no such support, we yet find the value of a still —*00060, 
the reason for this is that the Intter strut has to carry a stress 
whose vertical component is equal to 10j units, whereas the 
former strat has a value of V equal to only 6 unite; the sectional 
areas will therefore be in these proportions, and it is assumed 
that the excess of section in the latter will be sufficient to make 
up for the loss of assistance from a crossing tie. 

If the depths of the girders were reduced from one-eighth to 
one-sixteenth of the span, the lengths of the braces and of the 
bays would be reduced by one half, and the stresses in the booms 
would be doubled. Such changes would indicate a reduction in 
the values of a for all the struta (although the allowance for 
extralength in the braces might require to be mcreased), and 
from the stouter section that could be used for the upper boom 
its end bays might be reduced in sectional area, to say 60 per 
cent. of the centra] ones, and the end-bays of the ties to one- 
third. We have run out the calculations for such girdere—but 
neither the details nor results are of sufficient interest to call for 
their being given here. The results are, indeed, only what might 
have been predicted —viz. the weights of the booms rather less 
than the double of those for girders of double the depth, and the 
weighta of the webs rather less than those for the deeper girders, 
Farther, the influence of the value of 8, the angle of inclination 
of the braces, is augmented in affecting the weight of the web 
in each example, but as the web constitutes only about one-fifth 
of the whole weight of the girder, instead of one-third as in the 
deeper forms the importance of an apparently considerable saving 
on it is greatly reduced when estimated as a percentage over the 
whole structure; thus, in the examples having a depth of one- 
eighth of the span, a saving on the web amounting to 15 per 
cent. would represent a saving of 5 per cent.on the complete 
girder, but when the dern is only one-sixteenth of the apan, to 
produce this saving on the whole girder would require the saving 
on the web to amonnt to 25 per cent. 

When the girders are single, £e, only calculated to carry a 
moveable loading eqnal to a ton per foot run, and at the 
same time the span is moderate, a marked addition must be 
made to the values of a for the struta, particularly in those of 
the web. From this it will be seen that single girders when of 
moderate span must weigh considerably more than half the cor 
responding double ones; it is therefore advisable where prac- 
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ticable, as in the case of the roadway being at the upper level, 
to employ two double girders in preference to four er more 
single ones. For very long spans, the preference, for various 
reasons may, on the contrary, be given to single aiden, 

We may now proceed to describe the various forms of girder 
the results for which are contained in Table X X XIL, and to 
give the details of the remaining calculations. 

The first, second, third, ànd fourth forms have already been 
described in the former paper. 

The fifth form is a frame with a single series of braces, or what 
is known as a warren-girder, commencing with a tie-brace, and 
with 8 = 26° 34’ throughout. 

The sixth form is also a warren-girder, with the same value of 
6, but commencing with a strat. It should be observed that for 
these two forms, when the roadway is at the lower and at the 
higher levels respectively, the distribution of the loaded points 
along the span becomes different from that in the other examples, 
and the amount of luading due to each of the extreme points is 
only three-quarters of that due to each of the others; this, as has 
been shown in a former paper, gives rise in itself to some change 
in the general results. 

The seventh form is identical with the third, exoept that the 
tie H of the third is replaced by a strut A introduced in the 


other diagonal of the end quadrilateral compartment, and the 
vertical strut A of the third form is converted into the vertical 
tie H of the seventh. 


The remaining forms are modifications of the ing seven, 
made in order to suit them better for the i canes, 

The eighth form is the first modified, to ariy se road at the 
upper level, and also to deliver the load at that level to the piers. 

Phe ninth form is the first modified, to carry the load at the 
lower level, and to deliver it at that level to the pa this gives 
the most economical of all the arrangementa, although not much 
more so than the fourteenth form, which further, from having 
the struts of the web at right angles to the booms, may offer 
some constructive facilities. 

The tenth form is the third modified, for an upper load, and an 
upper bearing on the piers. 

e eleventh form is the fourth modified, to carry the roadway 
s n lower level, and to have its bearings on the piers at that 
level. 

The twelfth form is the fifth or warren form, hung at the upper 
angles, and with the end pillars and extreme half bays of the tie- 
boom omit 

The thirteenth form is the sixth, bearing on the piers at the 
lower angles, and with the end pillars and extreme half bays of 
the top boom omitted. 

The fourteenth form is the seventh, modified for a load at the 
lower level, and a bearing on the piers at that level. This form 
possesses t economic merits, and may be looked upon as com- 
peting with the ninth for the first place, for the case of the road- 
way being placed at the level of the lower boom, and when there 
is to be but one span, or no connection with other spans over the 
piers, For the case of the roadway Vr imc at the level of 
the upper boom, the first form must still be regarded as holdin 
the first place, whether for bridges with separate or Souno 


spans. 


SESSA 


ZZZANNSS 
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Calculations of the Weight of Iron in the Bracings and end Pillars, 
and in the Booms of the several forms of Girder. 

Tho nir of lenges een equal to ue depth of the girder, or 
to one-eighth of the span. 

The unit of stress or load is taken equal to one-eighth of the 
total dead weight, or to one-sixteenth of the whole movable 
loading that may be brought upon the girder. 

The measure of the weight of iron in any part, as given in the 
tablon, rabo ardens pve rir that may act upon it multi- 

ied by ite theoretical length in the above units, and by the 

tor a; and this in the case of a brace will be = V seo*d, 
where V represents the vertical component of the stress, and 6 
the angle which the brace forms with a vertical line. 

The actual weight of iron in any brace or bay in tons will be 
obtained by multiplying the representative number in the table 
v the product in feet tos of the unite of ue de and stress, For 

e whole weight of the web or booms of a girder we must 
further double the results in the tables, since these are given 
for only half the length of the girder; or as explained before, we 
must multiply the tabular number by the square of the depth of 
the girder in feet, to obtain the weight in tons, 

e calculations for the first four forms have already been 
given. 
Tae FirrH Form, with the loading a£ the upper level. 
Taste XVIII. The Web. 


Brace. a. v. Sect#, Weight. 
A .. 00060 ... 10°50 1:26 ... °00787 
B .. °00067 T3765 .. 1°85 ... 00649 
C .. 700077 5:25 1:25 ... "00505 É 
D .. 00090 ... 3°00 1:25 ... °00838 
E .. :00045 $:00 ... 1:25 ... 00169 R 
F .. -00045 5:25 1°26 ... '00295 g 
G .. 700045 7:75 1:25 ... '00486 
H .. :00045 10:50 ... 1°25 ... "00591 j 
*08770 
Tasatio... © 0:00 ... 1:00 ... :00075 
I as a strut... :00060 12 .. 1°00 ... -00720 


TABLE XIX. The Booms. 
(N.B.—Eaoh ordinary bay is one unit long). 
Stress. 


U Boom. a. 
t Bay seeds *00160 ae 625... 
2 Seared 00070 — ...... 143206  ..... 
3 MN *00060 — ...... 20265  ..... 
4. ——— e 00055 . ..... 2826  ...... 
Lower Boom. 
lst Bay ( .... ree 0:00  ...... 
S. LY = une O00 ..... 1050  .... 
$9 «—  . 000 ..... 1800  .... 
4. — ous xen 000 ..... 2250  ..... 
5. a) ... 000 es 0 2400 2.2.2. 


Tae FirrH Form, with the loading at the lower level. 
TABLE XX. The Web. 


Brace. a. vV. Bec9. 

AC uu *00062 ...... 9:094 ...... |126 —.... 
Bu auss *00070 ..... 86:469 . 125 ...... 00566 
Os *00080 ... 4094 .... 125. s 00410 
D. ue *00110 ..... 1:909 ...... 125 ..... *00271 
E ... *00045  ...... 4'098 ...... 1:25 5. *00280 
F *00045  ...... 6:469 ...... 1°25 -00364 
G an *00045  ...... 9-008 ...... 125 . 00511 
H 2e 00045  ...... 11:250 ...... 125 ..... 00683 
*03690 
Issste ..... de ev 0750 noo... l00 .... *00080 
I as a strut ...... "00060 ...... 11:260 ....... 100 .... *00675 

Tasis XXI. The Booms. 

Upper Boom, a. Stress, Weight. 
Ist Bay — .... *00152 seeds 5:625 — ..... “00855 
2 ra 00070 — ...... 14025 — ...... *01024 
> ——— 1 A 00060 20825 . ..... 01238 
4 7 0 00055  ...... 29:625 — ..... 01299 

04416 
The Booms as before = 07300 


seco 
ee 


essees 


*00045 


*00045 e 
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Tax SixrH Form, with the loading at the upper level. 


TaBLE XXII. The Web. 


Brace. a. 


-. "00000 
^. "00063 
.. 700070 


ee 


PPP 


Tux SrxrH Form, with the loading at the lower level. 


00080 ... 
00110 ... 
"00045 ... 
00045 ... 
"00045 ... 


v. 
... 11:250 ... 
.. 9:098 ... 
el 06:469 ... 
4:094 ... 
1:969 ... 
4:093 ... 
6:469 ... 
9:098 ... 


0:750 ... 
11250 ... 


*00066 as 


00045 
00045 


aoe 


00045 -- 


Bec. 


1:26 
1:25 


1:00 
1:00 


n 


.. 


TABLE XXIV. 'The Web. 


a. v. 

Same as in Table XVIII. 
*00045  ... 12:00 

9o Ms 0 

TaBLE XXV. The Booms. 

a. Stress. 

OO. 4 aaas 0:0 
*00084 10:5 
*00065 18:0 
*00058 22:5 
*00055 24'0 
*00068 — ...... 5°25 
"00045 u 14:25 
*00045 — ...... 20:25 
*00045 . ...... 23°25 


“WOT TTS Jo MH 


TP 


eet 


Sec*0. Weight. 


= 08770 


Tur SEVENTH Form, with the load at the upper level. 


Taste XXVI. The Web. 
v. 


Brace. a. Sect6. Weight. 
A. go 4 Ie *00060 ...... 105 ... 2 ... *01260 
B to Gas in Table V. |... J—  .. = *02498 
Ho! xu oo 0 mc. “EUR une *00060 

*08815 

Isasstie  .... 00045 .... 1065 .... 1 .... 00479 

Iassstrut ...... *00120 ...... Y5 2-—l ee 00180 

The Booms = 07300 


The weight of the booms in this and the next arrangem 
may be taken the same as for the third form (Table XIV.) The 


first bay of the up 
stress, and the first 


ent 


r boom is relieved from all longitudinal 
y of the lower boom bears a stress of 10:5; 
any slight change in the sections of these parte which such differ- 
ences could watrant, would neutralise one another; and the 
other bays are all exactly as before. i 
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Tax SBrzvEXTH Form, with the load at the lower level. TABLE XXXI. The Booms, 


U Boom same as in Table XI. , 
Tasıe XXVII The Web. He inr D Par. = 08600 
; Lower Booom. 

Pres m i id Weight, Bo let Bay. = 00045 x 105 = 00478 
YT UN eee. id =" 8M & 2nd to 4th same aa in Table XI. Sea. ees S 1497 
H 00045... SO .. 1 .. °00135 E] -02970 

03579 3 Tar TxwrR Form. 

Iasatie — .. “00045... 1200 ... 1 ... "00540 S 

Iasastrat o © .. 0  .. l .. -00200 3 Balot Teaia 


Tur EicmrH Form. 


Tası XXVIII. The Web. The results for this are obtained from the data in Tables V. and XIV. 


Brace. a. V. Sect@. Weight. Tax Exveventa For. 
A .. 700067 ... 60 .. 1 .. 700402 
Bto G as in Table I. i: uo = *02176 
H *00045 ... 10:5 .. 2 .. *00945 Half X Eleventh 
orm. 
T *03628 
ABLE XXIX. The . : $ 
Upper Boom. " Stress. Weight. The results for this are obtained from the data in Tables VIII. and XV, 
Ist Bay = ... 00080 ..... 108 ... “00840 
Qndto 4th as in Table X. ...... = -03853 _ Tan Tazur Forw, — 
The results for this are derived from the data in Tables XVIII. and 
04193 XIX., and Tables XX. and XXI. 
Lower Boom  ...... Samie odis it Bep = 02700 Tas THIRTEENTH Fory. 


The results for this are derived from the data in Tables XXIV. and XXV. 
Taz Niru Form, 


ES Tum FouRTERNTE FORM. 
Half of Ninth t : 
Form. f 
TABLE XXX. The Web. 
Prace, a. : 
eesis *00060 

B to G as i Table IL The Web is the same as in Table XXVII. The U; Boom may 
MN *00045  ...... be taken from Table XIV., with the lst Bay omi The Lower 


Boom may also be taken from Table XIV., after making the lst Bay 
*03501 equal to the second, 


TABLE XXXII.—GENERAL SUMMARY or RESULTS FOR THE GIBRDERS. 


RssuL.TS POR THE Was. 


ithout end [With end pi |" i oe 


J i) Saint | a de. 


bed in oo- 
column 9. lumn 10. 


*0857 
*0849 
*0415 
*0487 
*0384 
*0442 
*0429 
"0352 | — .... 
» [o^ *0407 E 
eses *0377 — 


*0837 
*0329 


* The result given for this form at end of Table X VIL, page 150, waa incorrect, 
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WENLOCK PRIORY, SALOP. 


[On a former occasion an account of Buildwas Abbey was given 
in the pages of this Journal, from the tirst portion of an excellent 
volume entitled * Collectanea Archæologica, issued by the British 
Archeological Association, as a medium for giving their length- 
ened papers, which the limited space of their ‘Journal’ does not 
admit of being satisfactorily done. The first volume of the 
* Collectanea Archæologica, now completed by the publication of 
the second part, contains articles from the pens of many of our 
best antiquaries on subjects of great historical, architectural, and 
archmological interest. From these we select the following able 

upon the aucient Clugniac Monastery at Wenlock, by Mr. 
East BosznTe, F.S.A. F.LB.A.] 


NorwirHsTANDING the differences which oceur in the several 
histories of this priory, brief as they are, the authors seem yet to 
agree in accepting as accurate, and as the groundwork of their 
descriptions, William of Malmesbury's! account of it, together 
with the assumption that it was originally founded by St. Mil- 
burga a.n. 680.4 In a diligent search into the writings on the 
subject, I have, however, failed to discover that it has been so 
assumed and stated earlier than the fourteenth century: Bede,a 
contemporary, does not refer to it; William of Malmesbury, who 
wrote nearly four hundred and fifty years after the supposed 
foundation, and must have taken his information from manu- 
ecripts now lost to us, or have asyan it by tradition, does not 
name any year, nor further than that St. Milburg lived and died 
there; Dugdale says she erected a nunnery there,’ giving Malmes- 
bury as his authority, who in fact says nothing of the kind:* 
and another account is that she procured the foundation. She 
appears to have become its abbess,® and to have been such at the 
time of her death, which happened on or about February 20th,* 
(or 23rd,* according to some later writers), 4.D. 722,? and she was 
bnried there. 

The place is said to have been anciently called Wimnicas,” 
that being the Saxon name, but it became known only as “ Moche 
Wenlocke"; the Latin names being Wenlochium, Winlocium, or 
Ventolochium;" the British, Llan Meilin, or St. Milburg's 
Chureh; and undoubtedly there was in very early times some kind 
of religous house here, and the probability is that St. Milburga in 
some way added to its wealth, or assisted in the rebuilding!? or 
increasing some portion of the structure; and this together with 
her royal descent would have induced her election to the office 
ofabbess It is worth remembering that at the time when she 
lived there were few places of the kind, and the noble daughters 
of our land were sent abroad for their education. The references 
to the position and acts of Milburga would incline me to think 
that she really added the nun’s department to the already exis- 
ting monastery. 

Connected with these subjects is the interesting inquiry into 
the motives of benefactors; for in the majority, if not in all cases, 
of retirement to the cloister and grants to the church, the occur- 
rence of a crime, then too frequent, or an event having influence 
on the passions, was the immediate cause. I think I have suffi- 
cient grounds for stating that murder was the occasion of the 
taking of the first steps towards the advancement of that church 
and abbey which eveutually became the most beautiful, most 
powerful, and the wealthiest in Shropshire. 

Except by comparing writers, it would be difficult to ascertain 
even approximately the degrees of relationship of the several 
personages (not historically of much importance) named as being 
connected with pana and this arises as much from the ha- 
bitual carelessness of the medisval scribes, as from ignorance of 
the exact consanguinity, and the indiscriminate use of similar 
terms for various degrees. It is however necessary, in order to 
assign a motive for oe Pious acts, that I should en- 
deavour to state some of her family ties, and the deeds antecedent 


! De gestis Regum, lib. il, cap. 18. De gestis Pontificum, fo. 164 


i Dugdale's Monasticon, v, 72. 

b. 

* Malmesbory's words are, ‘‘ Milburga apud Wenlock requiescit, olim ab accolis 
nota sed post adventum Normannorum dum nescitur locus Sepulchri,” etc, Tanner 
repeats Dugdale's crror. 


* Brit. Sancta, i, 129. 
* Tannet's Notitia Monastica, p. 444 (quoting Capgrave). 
* Brit, Sanct., i, 124. 

$ Acta Sanct, ili, 388, et seq. 

* Ib. 

10 Monasticon, v.73. Tanners Notitia Monastica, p. 444. 

A Acta Sanct., yoi: tii, kel m de enis wis “ritten Wenlok. 

15 “ Her father (Merew and her uncle (Wulphere) liberally contributed." Brit, 
Sanct, i, p. 129. Leland. Collect., vol. iil, p. 170, edit. 1774. * 
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to her retirement from the world. Her nts were Merewald 
(brother of Wulphere King of Mercia, who commenced his reign 
about aD. 657) and Ermenburga! (daughter of Ermeurod and 
niece of Earconbert King of Kent, who began his reign A.D. 
640). Her sisters were Mildritha and Milgitha? 

Egbert was son of Earconbert, and succeeded him as King of 
Kent A.D. 664. Within a year* after the commencement of hia 
reign he was accessory to the murder of his two infant nephews, 
Elbert and Egelbright,‘ uncles to Milburga. Egbert is said to 
have repented of the murder; and as the only modes of erhi- 
biting contrition were by gifts for holy purposes or by entering 
the church, he acted in accordance with the custom of the age, 
and granted as compensation a part of the Isle of Thanet at Min- 
ster, for the purpose of building a monastery, and Milburga's 
mother founded a monastery there. Mildred dedicated herself to 
celibacy, and became abbess of that nunnery*—for the name of 
monastery was applied to houses for both sexes; and although 
we get no direct statement, nothing is more likely than that 
the same circumstance, so fruitful to the church, should in- 
fluence Milburga, and that she should perform some devotional 
act; whilst her relationship to the royal family of Mercia would 
lead her to do so at her adopted abode at Wenlock, and also en- 
able her to procure some endowment. The foundation was at 
that time probably the usual secular college of Saxon times, then 
converted partly to a nunnery; and to those who have seen the 
ruine it is needless to say that nothing whatever of the buildings of 
that date is now inexistence. It may be considered as having been 
of timber, as was almost universal prior to that time, and was by 
no. means unusual both here and on the continent for centuries 
after, and itis not surprising that, as a consequence, we read of their 
being frequently destroyed by fire. Monastic buildings, even at 
that early period of Christianity in this island, were of enormons 
magnitude, aud more particularly in this part of England. Bede 
refers to one at Banchorium (Bangor), which at the beginning of 
the seventh century was inhabited by upwards of two thousand 
monks at the same time,® and we shall find that this of Wenlock, 
though then comparatively insignificant, became the largest in 
the county of Shropshire. 

We are not informed of the time during which Saint ae 
presided over the nunnery, nor the exact time of her death, 
which was not earlier than A.D. 694.7 We learn simply that she 
became beatified, and that on her death she was buried at 
Wenlock. 

It does not seem to have escaped from repeated calamities, 
mostly arising from warfare, of which, from it great richness of 
soil and general wealth, as well as from its large population and 
other circumstances, this part of England was the constant 
theatre; but the period of four centuries from the time of its 
earliest foundation to that of its being surrendered to King 
William the First by the Earls Morcar and Edwin, the grand- 
sons of Leofric Earl of Mercia, in 1071, is one which as regards 
this priory is a period of almost utter darkness,—a darkness 
which even the searching eye of the Rev. Mr. Eyton has not 
penetrated. It is vaguely stated that it was twice destroyed by 
the Danes; and if so it must have been restored in the interim 
and have become again a place of defence or worthy of plunder. 
The entire obliteration of the previous buildings leaves us no 
means of judging either of the probable dates or extent of the 
works. It is further stated, with somewhat more precision, that 
Leofric Earl of Mercia, and Godiva his wife, shortly after 1017, 
and in the reign of Edward the Confessor, refounded the abbey. 
There is nothing singular, as has been supposed, in the selection 
of the spot for the re-establishing of the chureh and monastery; 
it was a constant practice to retain sacred sites for like purposes. 
It was again deserted after this re-founding, and surrendered to 
the crown 1071, as before stated. 

We now come to a period when a little more certainty prevails, 
and when abbeys sprung upin the land wlth marvellous rapidity 
and vigour. Whether of Saxon or Norman origin, they equally 

3 Also called Domneva, or Dompneva. Bollandus falls into an error in saytog, 
** Mater ejus non 3. Ermenbarga Domneva," Acta Banct., iii, 388. 

? Brit. Sanct., i. pp. 124, 129. De Gestis Regem, lib. i, cap. 4. 

3 Roger do Wendover, Flor. Hist. p. 160. 

* Probably pir to 669, When Egbert ‘gave Reculver to Bass the mass-priest, 
that he might build a minster there." Bede, Anglo-az. Chrom. Almost all tbe medi- 
wval writers mention this murder, with more or less minutecess. 

è Brit. Banct. i, 124. 

* ** In quo tantus fertur fuisse numeros monachorum, ut cum in septem portiones 
esset cum prepositis sibi rectoribus monasterium divisum, nulla harum portio minus 


trecentos homines baberet." Bede. Eccles. Hist. lib. H, c. 2. 


J Bollandus says à.D. 723, Ach. Sanot. See ante, p. 145. Leland says a.p. 716. 
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partook of the benefits of property, seriously interfered with in 
our own day by theStatute of Mortmain, which followed the sup- 
pressions, and was a necessary step in addition to those acta of 
spoliation. 

With reference to the hitherto reputed Saxon architecture in 
this building, and to Saxon and Norman architecture generally, it 
may be proper to explain that after the loss of the arts by the 
overrunning of the Roman provinces by the Goths, there arose in 
the course of time an architecture more or less beautiful according 

ord pee or less rudeness of the country in which it was 
practised, and which may be considered as one great school pre- 
valent for six or seven centuries—the longest period of existence 
in any style without material alteration in so many countries 
subject to different rulers. Originating either in the indiscrimi- 
nate application of materials taken from Roman temples and 
houses,! or in a rude imitation of them, we obtain various speci- 
mens of one universal type. Familiar as the English must have 
been with pure Roman works, and a high state of civilisation in 
common with all countries where Romans domiciled, it is re- 
markable that, so far as we are able to judge from Saxon remains, 
the worst type appeared here—not very different from the Nor- 
man in its elementa, but differing most materially in the magni- 
tude and the taste of the works. There was, besides, on the part of 
Normans an unaccountable jealousy of or dislike towards the 
on buildings; and although we can point to a score or two of 
works either in part or wholly ante-Norman, yet they are very 
few as compared with the vast number of remains comparatively 
rfect to this day of what is confessedly only a century or so of 
ter date; and yet, except some of the sacred edifices of the thir- 
teenth and fourteenth centuries, the majority are of Saxon origin. 
This we have seen waa the case with Wenlock Priory. 

At the time of the compilation of Domesday-book, the whole of 
the lands of this church were in the hands of Roger de Mont- 
fomes, the first Earl of Arundel and Shrewsbury, to whom they 

been granted by the king. From him they passed again 
almost entire, in the reign of Kiog William IL, who consented to 
the Earl's charter, to the new order of Benedictine monks of 
Cluguy as a dependency to that order, and from that act the for- 
tanes of the house of Wenlock may be said to date, Thus were 
the revenues and the establishment alienated, as it will appear to 
our eyes, but attached and secured, as it will have seemed from 
the Norman’s view. 

This affiliation continued for three centuries, not however 
directly to Clugny, for the actual ownership was in the priory 
of La Carité sur Loire, which was again subject to Clugny. The 
tribute payable to La Carité was fixed by Farl Roger at 100 
shillings per annum; but the occupants and priors were chiefly 
Normans, so that in fact they possessed the whole of the 
income. The magnitude of the power of the chief house may be 
gathered from the fact that at one time the Abbot of Clugny 
ore £2000 a year from the affiliated monasteries in Eng- 

nd. 

The priory now was fairly started in its career of acquisitions 
and its magnificence of construction. The few remains of Nor- 
man or early transitional works which there are here, are of 
Earl Roger's commencing, but not finishing, for he died in 10943 

Itis stated in Domesday-book, that the Earl had made the 
Church of Saint Milburg an abbey, by which it must be under- 
stood, if it means more than a eder term, that it was entitled 
by its affiliation to be so considered; for it never was really an 
abbey, being presided over by a prior who was himself subject 
to the Abbot of Clugny, and after its naturalisation, although it 
was looked upon as an abbey, it was never legally made one. 
It is certain, from the entry in Domesday-book, that the Saxon 
charch was actually in existence, though, as before stated, now 
quite obliterated. William of Malmesbury, writing about A.D. 
1125 or 1130, says, “lately, however, a convent of Cluguiac 
monks were established there while a new church was erecting.” 
In the course of the re-erection it could not have happened 
otherwise than that St. Milburgh’s body should be discovered. 
Whether really so, or only a monkish deception, it was treated 
thenceforth as a miracle; and has been gravely handed down to 
us as such, with the additional information that the body was 
not only fonnd in a perfect state, but emitted the most balsamic 
of odours, which pervaded the building. The reputation and the 


2 This is visible to this day in existing edifices in fouthern and Central Italy, 


: Eno Ant ; of Bbropa, Hi, 330. 
& Norman Earls of Shrewsbury, p. . 
* ls 1101. Wi. of Malmesbary. es 
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profits of the monastery were enhanced by this discovery for 
several centuries. Her body was re-inte in front of the high 
altar, on May 26th, 1101. 

The priory, as an alien, in common with others of that class, 
was treated with much severity in after timen, and suffered 
exactions and confiscations repeatedly, until its naturalisation 
in the 18th of Richard IL. During the wars with France its 
revenues and patronage were assumed by the English kinga, and 
we find its ri ia exercised by them repeatedly. It nevertheless 
grew in wealth and importance; its precincta extended over 
thirty acres; other priories were affiliated to it, and although it 
did not escape the imposition of taxes (sometimes levied in the 
name of gifta, although there was nothing voluntary in the 
tranaactions, unless it might be in obtaining some quid pro quo, 
in the shape of immunities from feudal services and payments), 
i its wealth increased in greater proportion, and enabled it to 

old its way above all others. The benefactors were numerous, 
and some of them were exceedingly liberal. Of these, Isabel de 
Say, Lady of Clun, was after Earl Roger the test; she in her 
own right as Baroness of Clun, at the end of the twelfth century, 
endowed the priory with large and valuable patronage. 

We have ales some evidence of actu:] erections in progress in 
one of these donations, namely, a bequest of two merks by Dame 
Agnes, wife of the second Walter de Clifford, in 1221,' towards 
e the fabric of the Church of Wenloc" The monks began to live 
better too. In 1252 it is found that the prior owes £6 for the 
king’s wine, which he had purchased—probably the remainder of 
that which the king had sent there for his own use. We find 
that King Henry IIL repeatedly took up his ahode at Wenlock 
Priory in the course of his journeys, and employed its priors in 
diplomatie services. These are evidences of the favour in which 
it was held by royalty; but it, nevertherless, did not free it from 
pecuniary exactions. Its history ia a series of struggles with 
neighbouring owners for righte and immunities, and of payments, 

uests, grants, and charters. 

1333 its wealth was so increased, that in a contribution on 
the marriage of Edward IIL's sister, it stood tenth in importance 
in the kingdom. 

In 1337 the firat blow was struck at its liberty, and attacks 
were repeated until they reached their climax two centuries after. 
Tn January in that year, Edward III. prohibited this and all alien 
priories from transmitting tribute to France; and although thia 
was simply intercepting the supplies of the enemy, a course still 
followed in case of war, the appropriation of the revenues of pri- 
vate estates can hardly be looked upon otherwise than as an 
arbitrary act of spoliation: the annual hundred shillings payable 
to La Carité being shortly converted into two hundred for the 
king's use. Ia 1361 however, on the conclusion of peace, it was 
restored to La Carité, to be again escheated on the resumption of 
the war: this time the commutation being taken at £50 per 
annum. Nine years later the total value of the temporalities was 
given at £237 4s. 24d. In 1291 it had been £144. 

These repeated exactions eventually led to the naturalisation 
of the priory, which happened on February 20th, 1395, for which 
Bix hundred merks were paid to the king, who continued also to 
receive the oue huudred shillings per annum. This arrangement 
seems to have been made by the prior without reference to his 
p ie who were opposed to this deprivation, and did not 
acknowledge it for upwards of a century, when a Bull of 
Alexander VI. annnlled the nominal state of dependence so 
long in fact abandoned. 

he priory was never exalted into an abbey;? but remained 
after ita separation a priory, which really differed but in name. 

The surrender occu January 26th, 1542, when the value 

been much reduced, and was returned gross at £481 16s. 3d., 

or about £449 net, and the prior, John Baylie, received a pen- 
sion of £80; the sub-prior £6 13s. 4d.; seven priests £6 each; 
and four others £5 6s. 8d. each. Thus, in lieu of their large 
revenues, these thirteen men received £100 amongst them.* We 
have no information of tlie manner of the reduction of the num- 
bers of monks from about forty to these thirteen; but it may be 
safely assumed that it spread over some years These institu- 
tions had served their purpose, and we should be ungrateful did 
we not acknowledge our lasting obligations to them for the 
reservation of whatever there was of art, science, and literature 
in the medisval ages; their destruction was now to be—the 
instrument waa at hand, and this was long before felt to he so. 


1 Eyton iu, 258. 2 Eyton ili, 248, 
3 Monasticon, v, 80. 
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Probably as the vacancies occurred they were left unfilled, and 
there was less violence in the revolution than may now to us 
seem to have been the case. The state of luxury and laxity into 
which they had fallen constituted but one of the causes, The 
times d. manded the revolution, and it came, as it sooner or later 
will some in other countries when like circumstances shall 
prevail. 

It is necessary only to add, as regards the Clugniac order, that 
it was a reformed branch of the Benedictines, whose black robes 
were retained, whose rules were more rigid, and their food and 
clothing more scant. They were not precluded, at all events, at 
a later period from the enjoyment of luxurious abodes, as were 
the Cistercians; and we see in this priory a display of construc- 
tive and decorative works of the highest order. The reform was 
complete in A.D. 912, when the branch was called after Abbot 
Odo of Cluni,! who perfected it; soon after which numbers of 
priories were attached to it, the parent abbey selecting the priors, 
and even sending the monks, who were consequently, in the case 
of our priory, almost all from France, There were stringent and 
peculiar regulations in regard to silence, which was one of the 
most distinguishing marks of the order. Most of the branches 
in England were naturalised early in the reign of Edward III. 
Wenlock was not so until upwards of sixty years later. 

In describing the buildings, it will be convenient for clearness 
to consider that we are now perambulating the ruins, commen- 
cing with the church; continuing with the conventual buildings 
of the earlier period; and finishing with those of the later date; 
premising that the buildings and courts alone must have covered 
upwards of an acre. We will therefore begin at the west end. 

Entering the place where formerly was the great west door, we 
come upon one of the grandest architectural effects in the county. 
We at once see that the church ia cruciform, with aisles to the 
nave and choir, but only one aisle to the transepts, except as here- 
after mentioned. The Lady Chapel has no aisle. Theentire length 
internally ia 332 feet and the breadth, including the aisles, 
varies from 61 ft. 3 in. in the nave to 62 ft. 4 in. at the east end 
of the choir. On the left there are the ruined bases of seven large 
pillara (forming eight bays) between the west wall with its re- 

and the great tower pier, one only rising some few feet 
higher than the othera. These partake very much of the cha- 
racter of the great abbeys of Yorkshire, particularly of Roche 
Jervaulx and Guisborough. On the right we have, out of the 
seven corresponding piers, three in a state of nearly perfect pre- 
servation; these arches and tiers of other pillars and arches 
to nearly the full height of the former structure, and we can form 
a correct notion of the perfection and richness to which the build- 
iog was brought. This portion, which is of massive Early 
English architecture, is of the age of King John or the early 
part of Henry IIL, and probably in the priorship of Joybertus, 
who was a Norman abbot, presiding from about 1198 to 1216. 
The first three bays on the right hand are arcaded iu a different 
manner from the other parts, having inner arches, &o as to 
give space for a room over the aisle and beneath the roof of the 
triforium. 

These shafts? are short, and the aisle is vaulted, and constitute 
the only part of the vaulting remaining, except a small piece in 
the cloisters. The room above is one of exceeding beauty. The 
entrance was at the south-east corner, and there was a way 
out on the opposite side by a few steps into the gallery along 
the nave walls. The use of this room is doubtful‘ There 
sre indications of places where presses were fixed, aud of the 
position of stone benches; and I can arrive at no other conclu- 
sion than that it was & vestry, of which there were frequently 
several, this one being accessible from the dormitories, and that 
this was in use for the early morning services, the processions for 
which were to enter the south aisle. It may, however, have been 
the monk's parlour, as there was a distinct stair from the cloister, 
and stone seats. 

The strength of the construction of this part has secured its 
prear varion to our day, while nearly all the other portions have 

n swept away. On the left hand, that is, the north side of 
the nave, there is just enough visible of the foundation ofa north 


i Tanner's Notitia. Preface, xiv. ! 
os le ane bis followers say 401 feet, which, allowing for walls included, is too 
? Mr. way and Mr. Owen, who wrote the account for Britton, erroneously 


state this to have been filled in sabasquestiy. Britton's Architect, Antiq. iv, 59. 
Xr € Mackenzie Walcott calla it a dormitory for the conversi, ‘Buil N ews’, vi. 
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porch to make us sure that there was such a feature at the 
fourth bay, beyond which the old aisle wall is in existence 
for a few feet above the present surface, which it may be proper 
to remark is not by any means so much raised above the former 
level as we are in the habit of finding. In several places the 
turf has been turned back for me, aud at a depth of about one foot 
in almost every part plain tile paving, tolerably perfect, is found; 
the tiles are very much burnt in the places which I saw, namely, 
in the nave, the choir, the north transept, and in the greater and 
small cloister; in the last of which, however, the accumulation 
is much the greatest, and has evidently been filled in with 
rubbish from other parts now to some extent lowered. We must 
not take it for granted that the level of the surface was always as 
it now is; for, on reference toa view in the * Monasticon’ (v., 73), 
and Philips's * Select Views, as well as Grose's ‘Antiquities’ (vol. 
iii), we find the plates show the ruins buried several feet deeper 
than they are at present. The nave and aisles were 61 ft. 3 in. 
wide, but the nave proper was 117 feet long in the clear, 28 feet 
wide and abont 60 feet to tbe apex of the vaulting which enclosed 
it. Dugdale, Britton, Philips, and indeed all who have written, 
have evidently copied from one original, and given wrong dimen- 
sions. The error has apparently arisen from the tower space 
having been added to instead of being deducted from the separate 


enge 

hose now given are taken from actual measurements on the 
spot. The central tower, which is not exactly equal sided, is the 
next point whence we obtain au entirely fresh view: we will first 
however remark, that of this tower but a few feet of one. pier 
remain, and three rough mounds to show the position of the 
others, It was, including its walls, about 48 feet by 46 feet. I 
have carefully examined the piers and obtained drawings of the 
plinths and mouldings. I cannot find any evidence of any other 
towers, so that the usual position of St. Michael's chapel ina 
western tower of Clugniac monasteries was wantiug in this 
priory. It is just within the range of possibility that the chamber 
over the aisle was a chapel of St. Michael, but the marks of 
benches and presses, and the nature of the construction, are 
against that supposition. The transepta in the clear are together 
144 feet from north tosouth. The north transept has esp of two 
walls remaining and the foun ations of other parts, Itis worthy 
of attention from its having two aisles (few abbeys having more 
than one), one of which at least, that on the west side, was 
entirely closed in. 

The lowest part was a vaulted crypt, now merely bare walls not 
rising above the surface. The arch would dus d floor several 
steps above the floor of the transept, from which there was a 
doorway into the room over the crypt. The window sills belong- 
ing to the crypt show that it was dimly lighted. There isa false 
back to the end of the vault, which would incline one to suppose 
it might have been intended as a place for the concealment of trea- 
sure in time of danger, aa well as for the temporary deposit of 
the dead. In the north west angle of the transept was a doorway 
to a staircase. 

(To be concluded in our next. } 
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NEW IRON LIGHTHOOSE, AT CAPE CANAVERAL, 
FLORIDA, U.S. AMERICA. 
(Concluded from page 182.) 

Cornice of tower.—'The arrangement and details of cornice of 
tower to be as shown on Plate IX. 

Brackets.—The brackets, 16 in number, to be of cast-iron. The 
centre line of each bracket must coincide with the joint of the 
pus plates of the wall of lantern; and the upper part of the 

racket must be secured to them with four wroughtiron bolts 
1" diameter; 2 bolts being on each side of the vertical flanges of 
panel plates. The lower part of bracket must be secured to the 
tower by a wrought-iron tap-bolt 1” diameter. The upper part of 
each bracket forming surfaces of contact with the galla plates 
must be planed. A cast-iron neck moulding must be inserted 
Lachs the brackets, and secured to the tower by wrought-iron 
ta ts. 

Main plates.—The gallery plates to be of cast-iron. The 
rebates for the brackets must be planed. Each plate must be 
secured to the bracket by wrought-iron tap-screws 1" diameter. 
The cornice to be of cast-iron, secured together, and to the gallery 


3 The view of the west end, drawn in 1771, and given by Grose, shows the ground 
covering the nave piers as bigh as the capitals of the inner arcade. 
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lates, by wrought-iron bolts, with countersunk heada, as shown. 
There must be 5 half-inch bolts for connecting each segment of 
cornice to each gallery plate. 

Main gallery railing —The standards of the wrought-iron rail- 
ing around the main gallery are to pass through and connect the 
gallery plates and brackets. The cast-iron drop on the bracket is 
to form the nut for the lower end of the standard. The upper 
rails pass over, and are secured to the standards by cast-iron balls, 
having suitable screws cut in them. The lower rails must be 
secured to the standard with wrought-iron bolts i^ diameter. 

Wall of lantern.—The wall of lantern is cylindrical, and is formed 
of cast-iron panels, each 41 of a circle. The top, bottom, and side 
flanges, forming surfaces of contact, must be planed. The lower 
part of the panels must be secured to section Fig. 7 of the tower 
with wrought-iron bolts 1” diameter, arranged as shown. Each 
joint of the upright flanges to be secured with 6 bolts 1" diameter, 
with suitable nuts and washers. 

Lantern door.—The door in lantern to be formed of a single 
sheet of boiler plate 3,” thick, provided with strong wrought-iron 
hinges, and with strong fastenings to retain it open or closed, and 
with strong handles and latches for opening it on either side. The 
jambe, top, and sill to be of cast-iron, with rebates for both inner 
and outer doors. Four pairs of brass hinges, similar to those on 
the cylinder doors, must be provided and fitted on the rebates for 
inside wooden doors. The hinges for the iron doors must he 
neatly fitted, and the vertical rebates must be planed. The sill 
plate to be secured to the lantern ueck with 3 wrought-iron 
countersunk screws }” diameter. The top of the door-frame will 
be mitred with the jambs, and secured to the underside of lantern 

lery in the same manner as the upper flanges of the panels 
orming the wall. Each jamb must be secured to the side flange 
of panel with four $ inch bolts. 

Lantern gallery.—The segmenta forming the lantern gallery to 
be of cast-iron, of the form and dimensions shown in Fig.8. The 
joints and recesses for the lantern posts or astragals must be 
planed and well fitted. The holes for the railing standards must 
be reamed. The surface of contact with the gun-metal mullion 
sill of lantern must be planed. The segments to be modified for 
stairway ladder and air registers, as noted on the drawing. Each 
segment must be secured to the upper flange of lantern wall with 
two wrought-iron bolts 1" diameter. The uumber and size of the 
bolts for connecting the segments together and securing the 
lantern posts must be as indicated on the drawings. 

Railing around glazing —The wrought-iron railing around the 
upper part of the lantern to be as shown in Fig. 2. The rail to be 
made in 4 parte, with lap-joints, and secured to the standards 
with brass nuts. 

Astragals.—The lantern posts, 16 in number, to be of wrought- 
iron. Each post must be lined on the outside with gun-metal 
rebates, and stops for the'glass. This lining to be made in three 
pieces, and secured to the posts with gun-metal screws. Two gun- 
metal handles must be secured to each post with three gun-metal 
screws to each. All the rebates forthe glass and the sufaces of 
contact must be planed. 

Multlions.—Four sets of horizontal gun-metal mullions connect 
the posta together at intervals. The rebates for the glass, and all 
surfaces of contact, must be planed. 

Air registers.—One half of the lower set of mullion must be 
modified so as to contain the air registers. The sliding surfaces 
must all be planed and well fitted. A stop must be inserted at 
each end of the slide to regulate the stroke. All the screws for 
the glass stops must be of gun-metal. Each mullion is united 
with post by wrought-iron bolts with .hexagonal beads and 
nuts. 

Composition of the gun metal or bronze.—A]l castings herein- 
before apecified to be of gun metal, must consist of 9 parte of 
copper with 1 part of tin, and have a specific gravity of not 
less than 87. The tops of the lantern posts are united by a 
wrought-iron regular polygon of sixteen sides, which is fastened 
to them by sixteen wrought-iron tap bolts 3” diameter. The 
polygon is made in four parts, with half lap joints, secured 
together with tap screws with countersunk heads. 

Framing of dome.—The ribs and tie-bars forming the frame of 
dome, to be of wrought-iron, of the form and dimensions as 
shown in Figs. 9, 10, 11, and 12, Plate XI. The lower ends to 
be secured to the lantern posts, and the upper ends to the cast- 
iron crown piece, with wrought-iron tap bolts. The tie-bars to 
be secured to the ribs with wrought-iron bolts 1" diameter. 

Spider frame.—The spider frame supporting the adjustable 
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bearing for the upper part of lena apparatus to be of wrooght. 
iron. Each tie-rod has a jaw formed on the outer end, and is 
secured to the rib with one 3" bolt. The inner ends of all the 
tie-rods have screw-ends, and are secured to a wrought-iron ring, 
with nuts inside and out for adjustment. Every alternate tio- 
rod is further supported by a wrought-iron rod attached near the 
crown of dome, and provided with a cast-iron turn-buckle. The 
adjustable bearing for lens apparatus to be of brass, and must be 
finished bright all over, and well fitted and secured, with gun 
metal screws, to the wrought-iron ring. The set screws to be of 
steel. 

Sheeting of dome.—The dome must be covered with sheet cop- 
per one-sixteenth of an inch in thickness; to have lock joints 
except below the eaves, where it is only tinned for soldering. 
The copper is laid on in 16 segments, and each fastened by three 
brass screws to ribs. The eaves are curved by an aro of 9 inch 
radius, and the cornice supported by 16 cast-iron brackets, which 
are set upon and secured by two }-inch screws each, to the seg- 
ments on top of posts, their upper ends being secured by a 
wrought-iron bar, 14-inch by 3-inch, extending round the lantern, 

ut together in 4 segments, by means of half-lap joints, and two 
Pinch screws (heads countersunk) at every joint. This segment 
is secured to each bracket by one $-inch screw (head counter- 
sunk. The copper roofing extending down along the bracket is 
fastened to the glass stops of upper horizontal mullions hy the 
screws which hold said glass stops to said mullions. At each 
alternate bracket one water spout is placed for conducting the 
water from the roof. 

Ladder hold.—There is a 1-inch copper rod running around 
the lantern for giving a hold to ladder, and is held to each 
bracket by means of a stand. This stand (made of gun- 
metal) has a strap fitted on and secured to it by one g-inch 
bolt, and is fastened to bracket by one -inch iron screw. 

Ventilator —The globe and other parts of ventilator on the top 
of dome to be of sheet copper j;" thick. To the top of the 
ead is attached a brass nut and a copper pinnacle 4 feet in 

ength, with a patinu point worth 4 dollars. One 1$-inch bolt 
tappped into this nut, aud secured by collar and nut in fixed 
position to centre piece of ribs, unites pinnacle and globe firmly 
to the top of the dome. 

Zine lining.—The dome is farther provided with a ginc lining, 
9x" in thickness, inside of the ribs, put on in sixteen segments, 
and fastened to each rib by nine iron screws. 

Tin cowl.—To prevent all drip or leakage falling upon the 
apparatus, a tin cone with a tin cowl is placed over it, and 
fastened by screws to the horizontal tie-rods. 

Lantern ludders.—There must be provided two wrought-iron 
ladders, one for the lower and one for the upper part of lantern. 
The lower ladder will be secured to the lantern gallery with two 
wrought-iron bolts 8" diameter, with countersunk heads. The 
upper ladder is moveable. 

Main doorway.—The space occupied by the door and jambe to 
be equal to that of an adjoining panel in the same section. Each 
jamb to be in one piece, of cast-iron, made in dry sand. The 
rebates for the doors, and the upper, lower, and side flanges must 
be planed. - The jamb must be strongly connected with the ad- 
joining panels, the sill-plate, and the inside cap-plate, by wrought- 
iron bolts. The sill-plate, is to be of cast-iron, made in dry 
sand. Surfaces of contact with the doorjambs and adjoining 
panels must be planed and well fitted. It must be thoroughly 
connected with the parts of door and tower with wrought-iron 
bolts. The door-cap and brackets to be of cast-iron, secured to 
the tower with wrought-iron bolts. 

Iron door.—The outer door to be of wrought-iron, made in 
two parts. The frame to be of bar iron, 14” x 2", and sheathed 
with boiler-plate 4 of an inch thick, secured with rivets 9” dia- 
meter, not exceeding 4” apart from centre to centre, and driven 
hot. Each leaf of door must be hung with three pairs of strong 
hinges (only two pairs are shown on the drawing), made of gun 
metal, and secured in à thorongh manner with tap-screws of the 
same material Suitable fastenings for securing the door open 
and shut must be provided. A lock of approved construction, 
with suitable knobs, must be provided and fixed. 

Balcony.—The brackets sustaining the balcony at the main 
doorway to be of boiler-plate 1" thick, stiffened with angle-iron 
2" x 2" x 1", which must be secured with rivets 4" diameter, not 
exceeding 3" apart from centre to centre. Each bracket must be se- 
cured to the shell of tower by 18 wrought-iron bolts 3" diameter. 
The said bolts may be of the ordinary kind, with nuta, and penetrate 


June 1, 1862] 


the shell, or they may be tap-holts, at the discretion of the con- 
tractor. The greater part of the bolts should be attached at the 
upper part of the brackets. The floor of balcouy will consist of 
a single plate of boiler iron ,5,” thick, and must be secured to the 
Tiron and the brackets underneath by rivets 8" diameter, with 
countersunk heads, and placed not exceeding 4” apart from centre 
tocentre. The moulding extending around the balcony to be of 
cast-iron, and made in three parts, mitred at the augles, and 
secured in the manner shown. The terminations to be neatly 
fitted to the tower. 

Railing around balcony, &c.—The railing for the balcony, and 
for the steps leading to it, must be of wrought-iron. The lower 
ends of the standards must be tool-finished, and provided with 
nnta and washers, "he rail to be made in convenient lengths, 
with scarf-joints; each joint secured with 2 rivets 8" diameter. 

Stairway outside of tower.—The outside steps of tower to be of 
cast-iron; and each step must be secured to the shell of tower 
with three wrought-iron bolts, one inch in diameter. The said 
bolta to have hexagonal heads and nuts where they do not come 
in contact with the pauel flanges; but at such places tap-bolts 
must be used, penetrating the panels 13". Each step must be 
attached to the tower, as shown in Figs. 1 and 2, Plate IX. The 
upper surface of each step must be horizontal; the chipping 
pieces on the inner end must be neatly fitted to the shape and 
inclination of tower. The holes for the railing standards must be 
bored, and the railing standards turned to fit them. 

Tower windows.—The inner part of window-frame remains the 
same for all parta of tower; but the outer part varies in dimen- 
sion for each section, as shown in Fig. 2 Aroundthe exterior of 
each window a cable moulding must be cast on the panel. (In 
section Fig. 7, the cornice bracketa cut into the side moulding a 
little.) The inner part of frame of each window to be of cast- 
iron, secured to its panel with six wrought-iron tap-bolts f" 
diameter. The rebates for the sash and the surface of contact 
with the panel must be turned. 

Gun-metal sashes,—The sash to be of gun-metal, finished all 
over. Its hinge and catch must be neatly titted. The pin for the 
hinge to be of gun-metal, with a hexagonal head. The joint 

formed by the wiudow-frame and panel must be entirely water- 
tight. : 
Windows.—In the tower twenty-seven windows are required. 

Crane.—The bar-iron frame of the crane at the side of main 
doorway to be in one piece, and sheathed on both sides with 
boiler-plate $” thick, secured by rivets 3" diameter,in the manner 
Shown; the rivets to be driven hot. 

Journals to be case-hardened.—The upper and lower journala to 
be “finished” and case-hardened. The upper and lower bearings 
to be of the materials marked. "They must be ueatly fitted, and 
must be secured to the tower by wrought-iron bolts 1" diameter, 
having hexagonal heads and nuts, and provided with suitable 
washers. 

Staying the crane.—For the purpose of guying the crane, two 
eye-bolts of wrought-iron, 1" diameter, must be insertad in section 
Fig. 5 of tower, within 5" of the top of the panel. One eye-bolt 
to be placed at a convenient distance on each side of tlie crane. 

Smoke-pipe.—The smoke-pipe, which is to be of copper, passes 
through the floors in sections Figs. 4, 5, and 6. The upper part 
passes out of the tower at Fig. l, and is terminated with an 
Emerson ventilator. The elbow at the upper part, when unbolted, 
may be drawn inwardly, and the pipe then be cleaned; the pipes 
and ventilator being one-sixteenth of an inch in thickness. The 
flanges at the elbow to be connected by 6 gun-metal bolts 1" 
diameter. 

For a stove pipe.—In the living-room, section Fig. 5, there must 
be fitted to the main pipe, at a distance of 4 feet above the floor, 
a tube 53" diameter and 6" long, provided with a close-fitting cover. 
A cover must be fitted to the lower end of the main pipe, with a 
central opening for a stove pipe 5]" diameter. The said central 
opening to have a flange i inek wide, turning downwards, so 
that it may be hammered to fit closely to the stove pipe. 

Cast-iron gutter.—The gutter for collecting the rain-water to be 
of cast-iron. The termivations of the end segmenta, and the 
ends of those segmeuts on the side of tower opposite the main 
doorway, must be closed. Each segment mist be secured to the 
upper side of a panel of section Fig. 2 with 8 wrought-iron tap- 
Lolts 4” diameter. The joints of the segments must be quite 
water-tight. 

Water-pipes.—The water-pipes leading from the gutter to the 
tanks to be of galvanized wrought-iron, bure 2”, and to be of sutt- 
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cient length to pass through the floor in section Fig. 4, and enter 
the tanks 6 inches. There must be four such water-pipes; one at 
each end of the two rows of tanks. 

Water-tanke.—The water-tanks to be made of good plate-iron. 
A rim of half-round iron to be rivetted around the npper edge of 
each. One copper over-flow pipe must be provided and fitted, 
but not permanently secured to each end tank. A brass cock of 
one inch bore to be secured to the lower part of each tank in the 
manner shown. All the tanks must be well rivetted and caulked, 
and made quite water-tight. They must be tested by filling them 
with water. The tanks in each row are to be connected together 
by short cast-iron tubes, the centres of which must be 6" below 
the top of the tanks, fastened with wrought-iron bolts. The 
joints thus fornied to be made water-tight with gum packing. 


MiscELLANEOUS ITEMS. 


T'ower to be painted.—All parts of iron work that have been 
“finished,” or form surfaces of contact, must be well smeared 
with white lead as a protection against rust; and all the remain- 
ing parts of iron work must be painted with two coats of white 
lead in oil, at the workshop (after inspection), for the same 
purpose. The iron work inside of the tower, when erected a$ 
Cape Canaveral, must again be thoroughly coated with green 
paint; and the shell of the tower, inside and out, with two addi- 
tional coats of white lead. 

The amount of rivetting the contractor will be required to per- 
Jorm.—The contractor will be required to perform about one- 
half of the total amount of rivetting hereinbefore specified, and 
all of the drilling, punching, and fitting. He must also furnish 
all the rivets required, and the temporary bolts necessary to be 
used during the erection. The rivetting will be performed at 
such places as will not preveut shipment; or at such places as 
may be designated by the agent of the department. 

Drawings only show finishing sizes.—The contractor will please 
observe that on all the drawings the dimensions shown or marked 
are finishing sizes, that is, the exact measurements when the 
work shall have been completed; consequently, for whatever 
parts are to be planed, turned, &c., such extra allowance of. ma- 
terial must be made as he may deem necessary, and no reductions 
from the dimensions shown will be allowed. 

Iron work to be erected at workshop—All of the metal work 
must be fitted together and erected at the workshop, and in- 
spected and approved by tbe agent of the Light-house Board, 
before it will be received. All castings which are honey-combed, 
or otherwise imperfect, will be rejected. 

Marking.—All parts of the ironwork must be chisel-marked 
according to an uniform system, and a set of drawings also 
marked to correspond. 

Boxing—The crane and bearings, the window-frames and 
sashes, all the parts of lantern above the upper gallery, all the 
bolts and nuts, the railing standards, and generally such small 
parts as are liable to be lost, mislaid, or injured, must all be 
substantially boxed aud strapped with iron. Boxes to be marked, 
and a list of contents of each box furnished the Lighthouse 
Board. 

Contractor responsible for the safety of the structure.—The cone 
tractor will be held responsible for the safety of the structure 
while in his care, and he must take such precautions, as to suit- 
able foundations, &c., as will prevent injury to the work. 

Wooden doors.—The contractor for the metal work must furnish 
all the wooden doors required, which must be of the best sash 
stuff, primed, and painted with two coats of white lead. He 
must provide and fit all the necessary hinges, locks, and fasten- 
inga; all of which must be of gun metal, and of suitable 
strength. 

Wooden sheathing for floors. —The floors in sections Figs. 4, 5, 
and 6, must be sheathed wich well-seasoned heart-pine Boorne 
boards, 1 inch in thickness, laid on with the joints radiating 
from the axis of tower, tongued and grooved, and dressed on the 
upper side. These floors must be furnished and fitted by the 
contractor for the metal work; and they must be secured to the 
plating by gimlet pointed screws, 1" long, aud not exceeding 15" 
apart. The holes for them must be drilled in the plate iron, and 
countersunk on the under side. 

Brick work.—The brick work for the tower will be executed 
by the Lighthouse department at Cape Canaveral. The wall iu 
section Fig. 3 will be one-and-a-half brick in thickness, or about 
12} inches; aud in sections Figs. 4, 5, and 6, it will be the 
length of one brick in thickness, or about 84 inches. In section 
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Fig. 7, and in the lantern, it will be the width of a brick in 
thickness, or about 4) inches. — 

Bricks and mortar—All to be of good, sound, hard bricks, 
laid in mortar composed of two parte of clean sharp sand to one 
part of hydraulic cement. The sand mast not be impregnated 
with salt. The brick work on the interior of tower must be 

inted with three coats of white lead. The floor in section 

ig. 3 will be paved with bricks laid on their edges. 


—— f e ———— 


ESSAY ON ARCHITECTURE BY MR. PALGRAVE. 


Tur catalogue of the Fine Art department of the International 
Exhibition of 1862 contains several essays the merits of which 
are in risk of being overlooked. The author—Mr. Palgrave— 
has in another publication printed for the Commissioners of 
the Exhibition, *the Handbook of the Fine Arts," ventured 
upon a series of bold criticisms of the works of living artiste, 
which have evoked severe and wrathful denunciations by his 
antagonists, whose cause some of the newapapers have es- 

used with no little zeal. Upon the questions, whether Mr. 

algrave has done wisely in provoking a storm of indigna- 
tion which he might have certainly anticipated, or whether his 
eatimate of individual artists be justly severe or indiscrimi- 
nately acrimonious, we abstain from expressing any opinion. 
But of one thing connected with his papers we are quite sure, 
that those which are contained in the Fine Art Catalogue 
deserve careful perusal from all who take interest in the modern 
progress of art. Of the essays on painting, sculpture, and en- 
graving, as those subjects are not strictly within the scope of this 
Journal, we offer no opinion beyond this—that they are mani- 
festly the results of much careful observation and intelligent 
p Apte of the purposes to which each art should be limited. 

e essay on architecture is more immediately within our pro- 
vince, and we have no hesitation in expressing an almost un- 
qualified admiration of it. Among the multitude of dissertations 
on the comparative merits of different styles of architecture, we 
know of none more perspicuous than Mr. Palgrave's concise 
essay, from which the following extract is taken. The extract is 
confined to the portion of bis paper which relates to Gothic 
and modern architecture, and is here given not merely for its 
own merits, but also for the purpose of inviting the attention of 
our readers to the rest of the essay. 


* Now came that mighty change for which the work of Rome had 
been the preparation. She bad taught the world how nations might be 
ruled by the spirit of Law: the tribes of the North now showed how 
they might be animated by the spirit of Liberty. The long struggle to 
unite these frequently antagonist forces is the history of modern Europe. 
We have here to note the manner in which Architecture was affected by 
it. The characteristic of this art is, that t one other comes so directly 
home to a inan; and every phase of the human mind, as it developed 
itself through ten centuries, is written on the buildings of the middle 
ages. It is in this capacity (it has been well observed) that * Architec- 
ture ia to be regarded by us w.th t:e most serious thought. We may 
live without her, and worship without her, but we cannot remember 
without her. How cold is all history, how lifeless all imagery com- 
pared to that which the living nation writes, and the uncorrupted 
marble bears! how many pages of doubtful record might we not often 
spare, for a few stones left one upou another! The ambition of the old 
Babel builders was well directed for this world; there are but two strong 
conquerors of the forgetfulness of man, Poetry and Architecture, and 
the latter in gome sort includes the former, and is mightier in its reality.’ 
—How, then, did the nature of the great Teutonic invading races express 
itself in the art we are here concerned with ? 

A few words will sum up this: they created the only genuine style of 
modern Europe. Hitherto, it should be noted, we have found but one 
such—the Greek. The Roman, Romanesque, and Byzantine styles are 
transitional from this; the principal elements in all, blending with the 
vigour and freedom of the north, took life again in the Gothic. Under 
this name, in accordance with the suggestion of Mr. Fergueson’s admir- 
able history, the whole architecture framed in Western Europe by the 
immigrant conquerors between 800 and 1500 will be here included, 
although from about 1150 onwards that Pointed form, to which the 
name has been restricted, began almost everywhere to supersede the 
Round-arched. As, however, the Pointed architecture, though the moat 
important and original development made in any style, is essentially 
only a development of the circular Gothic, it seems most correct 
to class them under the one name which points to the Teutonic 
origin of both; although the long centuries of ruin and renovation 
have rendered it impossible to ascertain what portion the race of Theo- 
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done itself held in revitalising the decayed civilisation of Spain and 
y. 

The first clear existing specimens, in fact, of the Gothio, appear due 

to the successors of the Goths in the valley of the Po. In the earliest 

Lombard buildings we find the plan and the detaila based on the 

Romanesque: but from the beginning, vaults are an essential feature. 

As that rich supply of single shaft columna which Roman buildings 

gave had been chiefly exhausted during the Romanesque period, and as 

the weight of vault required additional supports, columns were coupled 

together or united with piers of masonry: and presently, by a change 

recommended alike by its effect and its constructive advantage, these 

shafts, in place of breaking off at the first story—as in the Basi'ica— 

were prolonged to the base of the roof-line. This point once reached, 

ribs were carried from them over the intersections of the vault; and the 

Gothic system of internal construction was complete in its main features. 

Externally, the weight of the roof was relieved by an invention for which 

the Roman plan of massive walls (as exemplified in the Pantheon) was a 
clumsy substitute: the invention of the Buttress. This in the round 

Gothic, is always kept flat, and thus in some degree repeata the 
form of the merely ornamental Roman pilaster. here the inner 
arches (as in Italy) were ordinarily of wide span, domes were often 

employed as a form of vault: and this style was widely diffused thence 
through Central and South-western France and the Rhine valley. 
In the doors, the plain lintel entrance which had almost exclu 

sively prevailed from the Greek to the Romanesque styles, waa aban- 
doned, and they were treated as many-pillared recesses, on which the 
best efforts of the sculptor were more and more concentrated. As the 
Gothic thus advanced, through a thousand attempts, to harmony and 
vital union of features, a new and most attractive feature waa, for the 
first time in architecture, added to the design. Hitherto, speaking in a 
broad sense, mass in length, not mass in height, had characterised the art 
from the Rhine to the Euphrates. But Towers were now incorporated 
in all the larger public Puildinge: and soon, under the general im- 
pulse to build higher, the lofty angular roof already placed (in part for 
protection against northern winters) over the tower or the church, shot 
itself upwards into the flame-like aspiration of the spire. How much do 
we owe to an invention apparently so simple! Let the reader think 
what he would lose, not only of charm in effect and of picturesqueness in 
outline, but even of high and peaceful thought, were these featurea want- 
ing from the view, when at the close of the day's journey our road turns, 
and before us, over the level line of blue waters, a hundred towers burn in 
the last light of sunget, and we feel it is Venice:—or where over the 
massy orbs of forest, and the quiet roofa gathered round it asif for 
familiar protection, some solitary spire goes darkly up, painted in purple 
haze upon the amethyst and sapphire sky, and announces the unknown 
village which is to be our resting *place.—A nd when the hours of happy 
research return, the Gothic charm which so allured us in the general 
aspect of twilight does not fail on nearer examination. What looked 
so fair in outline, will be found complete and lavish of loveliness in 
detail. For the wild northern intensity which acquiesced at first in 
the Romanesque plan, bas thrown all ita life into the ornament, and 
covered doorways and capitals with the beasts and birds of chase, 
huntsmen and warriors, labourers and knights, or inwreathed them 
with stranger fancies—the dragons and wolves of the old mythology, 
the Runic knots of Fate, and the Serpent by which the world is to be 
devoured, 

Whilst the round Gothic worked onward thus in the great soutbern 
river valley bf Charlemagne’s empire, to the perfection conspicuously 
exhibited in Verona, the style, carried northwards, took other forme in 
the great cities that edge the Rhine. Here, between 1000 and 1200, the 
magnificent groups of domes and minaret-like towers were built which 
still adorn Cologne: churches which in grand arrangement and balance 
of the parte, and in the admirable contrast kept between light and 
shade by the plain and the recessed portions, show that this form of 
architecture, if fully developed, would display qualities inferior to none 
ever practised. Other modifications of the same manner appear in 
Switzerland, Spain, and Frauce; each varied with a life and freedom of 
which the very idea appears to have vanished from the modern world: 
the latest phase being that worked out by the Normans in their duchy. 
and which followed their conquests to Sicily and England. 

Then followed the last great change in living architecture; prepared, 
indeed, in all essential points by the work of the preceding centuries, and 
in many details known long before; yet, by its own intrinsic beauty, 
seeming like a new creation. It is certain that no style has ever excelled 
the pointed Gothic in pieturesque and lavish beauty of plan and of orne- 
ment in the poetry of its lines, in the romance with which our own 
associations invest it. Yet the Gothic builders themsclves—Suger of 
S. Denis, William of Canterbury, or Mare d'Argent ^f S. Ouen —would 
have been unconscious of that halo which Time, the beautifier, has cast 
over their master-pieces. Every essential feature of the pointed style, 
except the tracery of the windows, the glass that filled them, and the 
arched flying buttresses that sustained them, had been before practised; 
the same exquisite architecture which so moves us in the cathedral was 
familiar to them in the street; tbe only wonder of those inventive 
centuries, could they have foreseen it, would have been that their descen- 
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dants should submit to the long unloveliness of Wimpole Street, or 
admire the confectionary-pettiness of the Rue Rivoli. It must not, 


however, be imagined that the pointed Gothic, on the whole, —though 
with large allowance for the sublimity of Egypt, the variety of India, the 
grace of Athens, and the vitality of its own immediate predecessor, —the 
most consummate architecture which the world has seen, rose from the 
ground ‘like an exhalation.’ Both in construction and in decoration it 
obeyed the spirit of the time. In the ornament we may trace the 
ual softening and purification of the rugged northern mind whicb, 
gradually turning from those subjects of violence or fantasy already 
noticed—war and wild creatures, and visions of spectral superstition, 
now sought its pleasure in the sculpture of sweet human forns, or 
enwreathed arch and capital, base and niche, with the herb of the field, 
or the leafage of the forest; festooning the level length of cornice with 
the hawthorn or the lily, and budding forth from the spire in crowns of 
floral loveliness. Whilst these are the essential characteristica of the 
detail, the construction is based on the passion for loftier and slenderer 
forma than the ciroular style appeared able to provide. And as the 
previous styles from their mode of covering spaces might be classed 
under the Lintel and the Arch, ao the pointed Gothic might be named 
the architecture of the Gable, whether angular or curved. The latter 
form, commonly called the pointed arch, is obviously capable of greater 
height than the semi circle; it had been long known in many countries, 
France included, as an occasional expedient; it now quickly became the 
law for all larger apertures. Two external causes aided the rapid growth 
of the style; the first, that the eleventh and twelfth centuries were the 
qe age of mediseval building and monastic institution: the other, the 
iacovery of that stained glass which clothed the churches of the time 
with a glory surpassing any internal decoration hitherto practised. To 
contain this, the windows were enlarged; to frame it, the bars of 
wreathed masonry, known as tracery, were invented. Soon the am- 
bition of akilful masons, revelling in the radiance of emblazoned saints 
and gem-like arabesques, raised the ribbed roof to a dizzy height, and 
placed it on piers divided by walls of coloured crystal. The real wall 
was planted without the building in forests of detached buttresses,—the 
sculptor peopled with Soripture "Histories every vacant space and ‘coign 
of vantage’,—and the Cathedral of the middle ages was created; an 
embodiment in stone and glass and woodwork of all that was most 
lovely and most daring in the minds of men; a concentration of all they 
admired here or hoped for hereafter. 

To the builders of Central Northern France the clearest evidence 
proves that this invention is due; nor, except in France and in England, 
whither it was carried so soon that the style there went through a living 
and original development, was it truly understood during the Middle 
Ages. Space, however, fails to trace a course, which after two 
centuries, through many causes, though none inevitably inherent in the 
pointed style itself, led to a gradual decline, even in France and England; 
whilst in Spain, Italy, and Germany, the style was never really under- 
stood, or exhibited in its force and purity. In Venice, indeed, 
Gothic forms, uniting with the Romanesque of Constantinople, produced 
a manner of extraordinary grace and individuality, and one so directly 
adapted to modern city requirements, that only the modern indifference 
to architecture can have prevented its introduction. But we must pass 
to ita later phases. That mighty change in the human mind, which gave 
birth to the Reformation and to the revival of ancient literature, fell 
precisely at the time when the perfection of the Italian art in painting 
and sculpture, with other causes, rendered Italy omnipotent over 
European taste. And there a pedantry, which to us seems incredible in 
ite puerile absurdity, led men to the conviction that the art of the Romans 
—a race at no time capable of any spontaneous or real Fine Art— was the 
one rule and law for the Christendom of 1500 years later. Incredible to 
va, we have said . . . in all matters but in Architecture. For in Archi- 
tecture that imitation of Roman work, best known through the name of 
Palladio, reigns in every capital and city of Europe. No one would deuy 
that t genius and inordinate expense have given us a few buildings in 
which the Italian style has been led to graceful or noble resulta when 
in the exceptionally-gifted hands of San Michaeli or Scamozzi, Wren or 
Chambers, of the architects of the original Louvre or the original 
Whitehall. But no one can possibly assert, that the style which has 
filled London with the dead monotony of Gower or Harley Streets, or the 
pale commonplace of Belgravia, Tyburnis, and Kensington—which has 
pierced Paris and Madrid with the feeble frivolities of the Rue Rivoli and 
the Strada de Toledo—which has in ten thousand towns substituted 
baldness and bareness and blackness for the colour and charm and life of 
Gothic, the square hole for the traceried window or clustered doorway, the 
square outline for the pinnacled shrine,— unable to employ the commonest 
material, and costly, beyond the reach of all but the very rich, when 
employing the finer In a practical country, and an age which has 
renewed the popular love for art, it is needful to waste words on the 
conclusion ! 

To state the plain facts should be sufficient: we have seen that the 
Roman style is & heterogeneous and mechanical formation, put together 
from foreign styles by a tasteless race, by whom they were misunderstood, 
and arrested by political causes before it had reached that stage of unity 
which alone gives a soul to art. Thus style, restored in part from ruins, 
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in part from the treatises of Roman theorizers, was applied in later 
times, when society was altered, to the palaces and churches of Italy and 
France, during a century of the deepest social degradation,—to minister 
to the luxury of Francis or Borgia, or supply temples for the infidel 
superstitione of Leo aud Julius. It was never treated as suitable for 
ordinary life: it cannot be rendered suitable for it. Unable to conde- 
&cend toa cottage, it triumphs as the decoration of the stage. Palladian, 
Renaissance, Italian, Louis Quatorze, Louis Quinze—whatever name it 
bears, it is still but the copy of & copied architecture—a galvanized 
pedantry. ; : 

Architecture such as this can have no hold on men’s hearts; vulgar 
pride or learned connoisseurship are the only tastes it appeals to. And 
from its fatal domination has arisen an evil worse than the frozen formaltiy 
it fosters; wherever this Palladianism has spread, with it spreads like & 
canker that dead indifference to the art, which will never be cured whilst 
men live in houses and meet in buildings that can give them no real 
pleasure, But when once a practical, intelligible, and beautiful style 
arises, the natural delight in architecture our race has always taken in 
healthy days of taste, will arise with it, and the cold arrogant spectres of 


_ the bastard Roman pass beyond the reach of contempt itself. Nor should 


it be fancied, that to return to former excellence involves that copied art 
which will never be other than lifeless. Gothic, fair as it was, never 
reached its full development; we have but to take up the thread which the 
dilettante dropped, and carry out, with far greater means, the style 
invented for us by our neighbours and our countrymen. 

The examples here quoted have been mostly selected from churches— 
buildings which both invited the greatest skill and have survived most 
frequently to modern days. But the peculiar glory of Gothic in all 
ita phases is, that it is equally adapted to every architectural requirement 
of human life. No other style is at once so high, and so humble; 2o 
rigid in obedience to ita purpose, or so free in arrangement and detail. 
What was done of old in the minster, was done in the street; the style 
of the Country was the style of the Town. This was not an architecture, 
as those of Egypt aud of Greece, reserved in ita purity for religion; not 
as that of Rome, incapable of descending without loss of essential 
character to private dwellings; but like the ‘common sun, the air, the 
skies,’ suitable at once to the church and the palace, the factory and the 
town hall, cottage and castle; taking each material nnd carrying to. the 
utmost its capabilities, from the marble in its snowy slab or purple-veined 
tablet, to the earth of the field, or the rubble of the quarry; at home no 
less in shops and alleys,than where the manor-house lights up the land- 
scape with ite gray or russet gables, or the valleyside chapel stands, like a 
chased tabernacle of precious workmanship, amongst rude rocks and the 
frowning mountain walls of natare. And it shonld specially be noted, 
that Gothic alone has been able to beautify the dwellings of the poor. 
These are no idle phrases; they are strictly exemplified during all the 
centuries of the round and pointed Gothic; nor, so far aswe know, has 
auy other style been equal to the same universality of service. It is not 
on remote or elaborate or antiquarian reasons that its excellence rests : 
Gothic is simply the one style which, by the cireumstances of ita develop- 
ment, has united in itself all the best constructive and the best ornamental 
forna of the world's inventions in Architecture. From the lowliest 
offices of use to the loftiest majeaty of loveliness, this noble art has 
shown herself equa! to the occasion; unrestricted by varieties of climate, 
nay, finding in them only additional xi pleri fot beauty and for 
convenience; at once the most economical in means, the moat varied in 
adaptabilities, the most intelligible and exquisite in results. It is no fine 
figure to say, that by ten thousand proofs Gothic has stamped iteelf on 
the fair face of Europe as the Architecture of Heaven, and the Archi- 
tecture of Home. Man's requirements in the province of building do 
not substantially vary; they are amongst the things ‘that have been, and 
will be again.’ In this matter, then, on which side is Common Sense ? 
Why seek impossible new forms, cr repeat styles which are bastard, or 
lifeless, or unpractical,— whilst men of like passions and blood with our- 
selves bave solved the problem once, perfectly, and for ever.” 


oo 


THE STATICS OF BRIDGES. 
The Suspension Chain.* 

To construct the Catenary Curve when the Horizontal Tension 
is known becomes a simple matter; since the direction of the 
Tangent at any given elevation cau be readily found (as shown 
in the last paper), and this enables the equidistant ordinates to 
be snecessively determined. 

Fig. 37 shows the process of describing the Catenary after 
this method. The Horizontal Tension T is given, and also w, 
the sectional weight of the chain, so that 8 zz a, (or horizontal 


tension in terms of weight of chain), is known. The Directrix 
MN is first laid down, and the Directing Circle MUN described 


* Continued from page T1. 
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with radius = a. The axis OY is sübdivided at the points 
1, 2, 3, 4, &c. (the intervals being equal or increasing, as may be 
found convenient). The lengths of the successive tangents to the 
circle drawn from these points will, as already explained (ante 
. 71), be equal to the successive lengths of the arcs 01 (= &), 02 
P- 83) 03 (= aps OA (— 54), &c. To find the horizontal distance 
01, a right-angled triangle is drawn on the base MN = 2 a, and 
with the vertical side Ne — s, (= ,T), then ly being equal to the 
firat subdivision of the axis OY, M1 is equal to the first hori- 
zontal subdivision 0 1. 
To find the next distance, 1 2 horizontal, follow the same con- 
struction, only making Ne = 8, + s. To find 23, make 


Ns = s, + 48, To find 34, make Ns — s, +s, Care must be 
Fig. 87. 


taken, when the subdivisions on the vertical axis are not all 
made at equal intervals, to make ly in the triangle equal to the 
vertical interval (0 1, 1 2, &c.) corresponding in each instance to 
the point to be determined. The horizontal distances 01, 1 2, 
&c. having been successively found, and plotted off on the base 
line on either side of the axis OY, the points 1, 2, 3, &c. in the 
curve are obtnined by the intersection of the ordinates in the 
usual way. If the triangle becomes too large, proportionate 
xi: in may of course be substituted for 2a mia 4. 

be radius of curvature of the Common Catenary at the vertex 


O is =a, which accords with nd (D), ante p. 70. The 

radius of curvature at any point having the vertical ordinate y 
3 

is = ey And since, from equation (8), ante p. 71, t = v 


X (y + a), it follows that the radius of curvature (with a given 
horizontal tension) varies as the square of the tension in the 
direction of the tangent, the tension being taken in terms. of the 
sectional weight of the chain. 

For Catenaries generally, the following equations exhibit the 
relation that holds between Curvature, Tension, and Sectional 
Weight. T is the horizontal tension (as before), t the tension in 
the direction of the tangent, and a the angle of inclination with 
the horizon:— 

Seca x T 
Sectional weight 


Seca x t 
Sectional weight 
= ü 
— T x (Sectional weight) 


When the chain carries a lond, the rate of loading measured in 
the direction of the tangent (i. e., per foot run of chain) has to be 
added to the sectional weight of the chain itself. 

It has appeared necessary to say thus much about Catenaries, 
er the curves in which chains hang as determined by their sec- 
tional weight, as the subject forms part of the theory of suspen- 
won bridges. But the determination of the curve due to the 
suspended load is far more generally required in practice than 
that to which the unloaded chains would adjust themselves; and 
in this inquiry it is of course most convenient to take the hori- 
zontal rate of loading (per foot run of platform) rather than the 
rate of loading per foot run of chain (ante p. 70, col. 1). 

From equation (C) (ante p. 70), 


diy E horizontal rate of loadin 
horizontal tension 


dr 
It therefore foliows, that when the rate of loading is uniform 


Radius of Curvature = 


diy. 
throughout, p ig constant, showing that the curve of the 
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chains is in such case a parabola. Calling P the parameter, 
dy 2 aide : 
da P from which it is readily found that 

P horizontal tension (1) 


= 2 X 7 orizontal rate of loading 


Since the ordinary and the greatest loads on suspension 
bridges are generally uniformly distributed, the parabola is the 
curve of most common application, and its extreme simplicity 
renders the study of the question comparatively easy. 

The following equation gives the parameter (P) in terms of the 
span (S) and rise (H 


)— 


S: 
P=- Ps - us ses 
IH (2) 
From equations (1) and (2) is deduced the following equation 
for determining the Horizontal Tension (T), when the Span and 
Rise are given:— 
S T (3) 
8H ^ horizontal rate of loading 
When the parameter p is ascertained, the ordinates are readily 
calculated from the usual equation of the parabola, viz.— 


_# 
=7 bes s e. (4) 


The radius of curvature at the vertex or lowest point— £ 


The parabola may be described without calculating the ordi- 
nates, bý the construction shown in Fig. 38. OY is the axis of 
the curve, and CD the span. The rise CA, DB, is either given, 
or (if the parameter only is given) found from equation (2). 
Divide the half-apan 0C and the rise CA into the same number 
of equal parts Number the points of subdivision 1, 2, 3, &c., 


Fio. 88. 


from the vertex (which is zero) on OC, and 1, 2,3, &c., from C 
(which is zero) on CA. From these last points draw linee con- 
verging to the point 0, and upon the points in OC set up ordi- 
nates. The intersection of each converging line with an 
ordinate of the same number is a point in the parabola. 

If the rise CA ia not equal to DB, the vertex will not come in 
the middle, but its distance from the half-span may be deter- 
mined by the formula given ante page 70, col. 1. 

In calculating the actual tension of the chains it is of course 
essential to take in their own weight, which as already observed 
(ante p. 70) may usuaily be dealt with as if it formed a part of 
the uniformly distributed load on the platform. When the ex- 
tent of the span is so considerable that the chains become very 
massive, nore especially if they are of increased section towards 
the towers, it may be perhaps found advisable to take the respec- 
tive weights of chain for each horizontal subdivision of the 
platform, so as to find the exact distribution of the total weight 
of chain and load. The true Curve of Moments could then be 
constructed, so as to enable the actual line of the suspen- 
sion chains to be drawn or calculated with any de, of 
nicety. But in ordinary cases the departure of the line of 
the chains from the parabola is too minute to be of any 
account. Take as an instance a bridge of a hundred fect 
span and ten feet rise of chain. The distributed load on the 
platform tends to bring the line of chain to a parabola, of 


which the equation is y— For the same rise and span the 


E 
250. 
equation of the Common Catenary is 


y= Ae un za) 


a being (approximately) = 126-61. 
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If we call the departure (as measured plumb) of this catenarv 
from the parabola z, we shall find that g becomes greatest at a 
diatance of 35 feet from the half-span, or 15 feet from either 
tower. At these points 2—0'032 feet, or the catenary droops 
below the parabola by a little less than one-thirtieth of a foot, or 
a little more than 0°38 inch. 

This drooping of the catenary indicates a difference at either 
point in the moment due to the weight of the chain, com 
with what it would be if the weight were equally distributed, of 
about 0:0063 : 1, or 415th part. 

The effect of the chains being drawn up at these points, so as 
to coincide with the parabola, would be to throw upon the plat- 
form the task of converting the unequally distributed weight of 
the chains into an equally distributed load; or of rendering 
an equivalent service by modifying the bearing of the suspended 
load upon the roda, so as to throw more load upon the middle of 
the chains, and less upon the aides. 

If we suppose that the roadway by its atitfoess thus rectifies 
the tendency of the chains to lapse into & slightly fuller curve 
than the parabola, and calculate the consequent strain on the plat- 
form, we shall find it to be extremely small. 4th part of the 
entire weight of the chains placed at each of the points of greatest 
ditference (or 15 feet from either tower), would, if the platform 
were not suspended, produce an equivalent strain. 

The lengths of the parabola and catenary supposed would 
only differ by {sth part of an inch, or by about gs&g;5th part 
of the entire length of either; a difference which a variation of 
temperature of 3° Fahr. would neutralise. 

When it is further taken into account that the roadway of any 
suspension bridge mnst possess at least a moderate degree of stiff- 
ness, in order to withstand the force of wind, as well as to cor- 
rect to a tard or less extent the effects of partial loading, good 

ill 


reason will be seen for regarding the parabola as the real prac- 
tical curve for suspension chains. 

(To be continued.) 
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THE ARCHITECTURAL EXHIBITION 
(Concluded from page 151.) 

Tae “Malvern Wells Railway Station"—in reality a very 
pretty and clever work—is scarcely pictured to advantage in 
(101), though its chief merits are to be realised in its subordinate 
details, and covered shelter, in which various effects of colour 
are successfully grouped, these being the more distinguishable 
owing to the method of lighting from above which has been 
adopted. (1014) shows thedrawing which obtained the Students’ 
Prize at the Institute of British Architects, and is by Mr. R. H. 
Carpenter, a son, we believe, of the late eminent architect of that 
name. Like the majority of its class, it is in the prevailing type 
of Italian Gothic, treated however as one bold mass, with seem- 
ingly well-studied details. In the “Design for County and 
Borough Halls, Guildford” (110), by Messrs. Hooker and Wheeler, 
we are at a loss to discover its claims to be “selected by the 
committee of taste, and recommended to the shareholders for 
adoption,” the whole conception being of the most meagre kind, 
weak in appearance, and stinted in every way. A “Sketch for 
arrangement of Schools” (112), may be explained as in plan con- 
sisting of the three chief divisions of the rooms radiating each 
from a common centre, an arrangement open however to some 
objections. (1134) “ Oaklands” is a mansion in Northumberland, 
erected by Messrs. Walton and Robson, who also coutribnte in 
(216—221) a series of really excellent designs, chiefly for schools 
and pnrsonages. It is perhaps unnecessary to remark that these 
are all based on medieval principles, and they have the merit of 
expressing their several purposes by the special characteristics 
which each part is made to assume, and this without any undue 
expenditure of funds, if we may judge from the delineations 
before us. We commend to especial attention the “Belmont 
Parsonage” (217). A “House” near Durham, by the same archi- 
tecta, shown in (254), is deserving of a like mention. 

As in former years, Mr. J. P. Jones is a liberal exhibitor. The 
large frame (114) sent by him, illustrating “ Buildings to be 

,—now erecting,—and, not to be carried out at present," 
offers, on the whole, an excellent and somewhat formidable look- 
ing array. Mr. Jones possesses a ready skill in making the best 
use of the means at his command, whether we regard the adapta- 
tion to a given site, or the practical working out of his ideas. 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


173 


This is fully borne out by an examination of the various drawings 
just referred to, and which nnmber about & dozen. With some 
of them we had previoualy become familiar in another guise. 

In (115) Mr. J. Drayton Wyatt exhibits five perspective views, 
the most noticeable being No. 1, the Interior of King’s College 
Chapel, London, as now in progress from the designa of Mr. 
Scott, at whose hands the old oblong Classic room of Sir Robert 
Smirke is undergoing a complete transformation. The new 
scheme is founded on the ancient basilican arrangementa, thelength 
being divided into nave and aisles by slender iron columns, 
coupled, and of twisted form. The east end is a semicircular 
apse, on the domed ceiling of which is indicated painted decora- 
tion. Tle roof over the nave is open, of rather low pitch, the 
principals consisting of semicircular arches springing from corbel 
shafts, and having the panel-spaces formed between the inter- 
sections of the trusses and purlins filled with inlay-patterns, to 
be constructed out of various coloured woods. r. Drayton 
Wyatt also exhibits (224) a view of the “New Library" now 
being erected at Harrow, in remembrance of Dr. Vaughan, 
till recently the head master of the school. 

Beulah House, near Durham (120), by Mr. Gibson Kyle, is one 
of the very few modern Italian mansions of which it may be raid 
that tbe requirements of the:style are preserved without any 
apparent sacrifice of more essential features. It is altogether a 
most satisfactory production. Very little ornamentation is in- 
troduced, the chief effect in this respect being gained by rusti- 
cated quoins judiciously managed. Mr. Appleton’s two designe 
for the Devon und Cornwall Bank, Totnes (122, 128), are, by a 
strange oversight of the hanging committee, separated. This is 
the more absurd, since they are both based on precisely the same 
plan: not that we have any especial idea of the merita of either, 
though to one of them (128) the first premium was awarded. 
One of the beat stndies in accordance with Mediæval precedents 
is shown in (131), the south porch now erecting at St. John’s 
Church, Yeovil, from the designs of Mr. R. H. Shout, In this 
the curious localiams observable in old West of England archi- 
tecture are well identities, more particularly the mode of treating 
the square label and the low curved gable over it. The whole 
of the drawing is very careful. 

An important and promising drawing (133), is described as a 
Competition Design for Improvements at Bath, and is by Mr. W. 
J. Green. The scheme embraces a new street, provision mar- 
kets, abattoirs, &c.; the view before us representing the interior 
of the central market. In the constrnction of this building 
metalwork forms, as may be expected, the prominent feature. 
The roof, too, is of iron construction, and of low pitch. The 
ineat idea is a happy one, and has been well worked out. 

r. Knightley's five sketches (134) are unfortunately hung ao 
high up as to preclude their being examined in detail. This is 
the more to be regretted aa they appear to be quite deserving of 
a place “on the line" They comprise different views of the 
stables and riding school at Chantilly Mr. C. N. Beazley’s 
design for a church at Pentonville (136), shows that its author 
has yet much to learn in mastering Gothic principles. We have 
already adverted to the clever Gothic sketches by this gentleman 
(81), as exemplifying the kind of study likely to be most service- 
able in acquiring this knowledge. Of Mr. J. Johnson's design 
for Stockport Observatory (138), we would just remark that 
among other absurdities it shows a main pier 80 cut through and 
weakened that it would unquestionably be dangerous. No. 142, 
“Design for a Cemetery Chapel,” by Mr. Wimble, has some 
very good features, but is withal too smart for its object. In 
(144) Mr. W. Homann exhibits a beautiful arrangement of colour 
in decorating a “Renaissance Cziling.” Several other works by 
this artist demand a like praise; such as (119, 127, 291); also the 
beantiful design for wall decoration, shown in (306). 

We have already referred to the competition for the Hull 
Town Hall as well illustrated iu the present Exhibition; (156) 
is Mr. Goldie’s design for the same, which bears the stamp of 
that boldness and originality which most of his works evince, 
though all may be traced to that peculiar type of Northern 
Italian examples, which now run go high in public favour, 
Another good design of a similar kind, that for the “Corn Ex- 
change and Public Offices, Newbury,” by Mr. C. J. Phipps, 
would have been still better had the details been less coarse; 
but in (172) Mr. Salvin treats us to a bit of genuine Old English 
Gothic revived, of domestic character, such as that clever archi- 
tect has so closely and profitably atudied. It represents the 
“ Master's Court” at Trinity College, Cambridge; the drawing 
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before us (which by the way hardly seems to do justice to its 
merits) being by Mr. J. S. Statter. Mr. Milcham has two per- 
spective views (175, 176) of the design which obtained tlie Soane 
medallion from the Institute of British Architects, but which we 
cannot bring ourselves entirely to xpprove. There is an affected 
severity of handling which seems quite out of place, although in 
a “Museum for. sculpture and painting" it is doubtless correct 
that the contents of the building, rather thau the edifice itself, 
should be the attractive feature. We observe a little faulty 
perspective in some portions of the drawing too, for which we were 
hardly prepared. The “Croydon Cemetery Chapels,” by Mr. 
Robins, have, if we rightly remember, been exhibited before as 
drawings; however, in the shape uf photographs, of which several 
are grouped in (186), they may again be noticed as rather above 
the average. A pair of Iron Gates (192), designed by Mr. Fow- 
ler, jun., for Don Escandon, Mexico, and which have beak manu- 
factured by Messrs. D. and E. Bailey, of Holborn, cannot be 
classed under any particular style of art, but partake chiefly of 
the Renaissance element, They are well arranged as regards the 
disposition of the ornaments, which, in the upper part especially, 
are freely and tastefally managed. 

Some charming gems of colour arrangement are noticeable in 
the sketches, by Mr. J. P. Seddon, of some ancient continental 
stained glass; the subjects being the Crucifixion, from the 
Charch of St. Remi, at Rheims, and (199) a study of three figures 
from the west front of Rheims Cathedral. On looking at these 
specimens, aud comparing them with modern work in general, 
one cannot but be struck with the disparity of the latter; we have 
yet much to learn from the old masters as to the due relationship 
which should prevail between forms, as expressed by individual 
outlines, and such as depend chiefly on a certain arrangement 
of colours, more or less vivid, yet in faithful subserviency to the 

eneral tone of the whole. Several well-designed “Villas, 
Lodges, &c.," are shown photographed (in 194) by Mr. J. Giles. 
Those of Italian character are, however, to our mind, preferable 
to the Gothic. We particularly admire the gate entrance and 
' lodge, and not the less so on account of its common-sense sim- 
plicity. The materials are white and red brick, with Bath stone 
dressings, and Italian tiles on the roof. T 

Mr. G. E. Street is a contributor of but one drawing (195), 
which is the exterior of a very unpretending church about to be 
erected at Brightwalton, Berkshire. A well-proportioned tower 
rises at the west end of the south aisle, and is finished by a plain 
shingle broach spire. There is apparently a stone roof to the 
porch. The “New Presbyterian Church,” now being erected in 
Islington, by Mr. T. C. Clarke, and of which an interior and 
exterior are given (201, 206), is decidedly a very commonplace 
affair; though there is an evident attempt at originality, which 
unfortunately here takes a wrong direction. The advisability, 
too, of trusting a henvy roof so feebly constructed and supported 
as that of the nave, appears questionable. In a pretty little 
drawing (203) Messrs. Hooker and Wheeler exhibit a “Compe- 
tition Design for Schools at West Bromwich.” These are of red 
brick, rather plain in detail, but well grouped; a very good 
feature being made of an octagon tower, or staircase. “Union 
Chapel, Highbury," as recently altered (209), is transformed 
from a well-proportioned and consistent Classic building into one 
of a decidedly nondescript kind. It has undergone repeated 
changes during the last twenty years, and it is to be regretted 
that in these alterations so much has been conceded to providing 
accommodation, at the sacrifice of comfcrt and good taste in other 
respects. “Shuckburgh Church, Warwickshire” (211), appears 
to be the remodelling of an old edifice, and this in the most florid 
Perpendicular style. If there be a fault, it is that of over rich- 
ness, and a degree of claboration in the roof, which the building 
itself scarcely seems to call for; while it is possibly questionable 
how far such a thoroughly easterp-county type of re-construction 
throughout should have been transferred into a district where 
hammer-beam roofs and other features are almost, if not alto- 
gether, unknown. 

Miss E. Travers again sends a welcome drawing, boldly mani- 
pulated indeed for & female hand, and withal more truthfully 
than many would-be architects care to produce. It shews (213) 
the eurious Norman chancel arch in Yaverland Church, Isle of 
Wight. In (215) Mr. T. M. Rickman exhibits some spacious 
schools he is now erecting in Kentish Town. They are plain in 
character, but redeemably satisfactory in general arrangement 
and treatment: the walling is chiefly of red brick. veral 
important competition drawings, by Messra. Green and De Ville, 
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illustrate their design for the proposed Palais de Justice, Bromels, 
and are shown in (205, 210, and 225) These are quite specimens 
of their class, and models of study as regarda the plane, which 
have evidently been prepared at the cost of no little time and 
labour, so that it is gratifying to find that they were rewarded 
by & third premium. Messrs. Green and De Ville are among 
the mest liberal contributors to the Exhibition in the shape of 
competition drawinga; and Mr. Green individually contributes 
his design (a very clever one) for “Improvements at Bath,” 
(228, 237, 240), comprising new street, provision markets, abat- 
toirs, &c., which obtained the second premium. Mr. T. Vaughan 
maintains his position as à pains-taking and industrious student, 
His “Sketches from the Continent" (229—236), are as carefully 
detailed as those of former years, but are more indicative as yet 
of patient labour than rapidly expressive skill. One of the most 
attractive competition designs exhibited is that by Mr, W. Wil- 
kinson, of which the front elevation and an interior view are 
given in (238, 239). Boldly conceived, and well. carried out, on 
the light iron and glass principle of semicircular roofing, it bore 
away the second premium. In some respects it widely differs 
from the selected design, as now being executed, and drawings of 
which we look in vain for ou this or any other Exhibition wall. 

“Coloured decoration," as shown by Mr. Lightly in a series of 
Italian mosaics (241), ia of a very useful kind, the patterns being 
well chosen, and by no means intricate. Mr. W. White sends 
several drawings, of which “Stanhope Rectory, Norfolk” (245), 
appears to be the least whimsical, all belg more or leas open to 
this charge. In Messra Hooker and Wheeler’s restoration of a 
mansion ip Kent (253), there are some very good points, as well 
as in the Manor-house at Brympton, D'Evercy, Somerset (259), 
exhibited by Mr. R. H. Shont. Some *Warehouses" (262, 263), 
by Mr. T. C. Clerke, wiil add to the already attractive masses of 
new buildings of that class eastward of St. Paul's. ‘Two or three 
large and well-drawn pictures are devoted to a “ Design for a 
College," by Mr. Ernest George. Of these, the Interior of Hall 
(268), and a portion of the Elevation, showing the principal 
group between the quadrangle (271), strike us as the most ori- 
ginal and effective, though the whole betokens considerable apti- 
tude in design, and a due acquaintance with Gothic details. Mr. 
Joseph Clarke's only contribution is the Interior of a Church at 
Point-de-Galle, Ceylou (277), in which the necessities arising 
from the climate of the place appear to have been successfully 
met. A large cartoon of stained glass (278), by Heaton and But- 
ler, which is placed over the door, isa very clever composition. 
The subject is “ the Entombment.” 

On the screens in the room are several drawings which our 
space will not permit us to particularise as their merits deserve; 
we must therefore be content with noticing a few: (292) shows to 
a large scale some of the beautiful details which Mr. Wilkinwon 
has embodied in the large building he has erected in Bishopsgate- 
street; (298) is an attractive sheet of selections froin the Archi- 
tectural Publication Society's * Dictionary of Architecture,’ which 
we are glad to find is progressing rapidly as well as satisfactorily. 
A recent visit to Worcester has served to coutirm tbe rumour 
that the exquisite Guesten Hall in tbat city was doomed to be 
swept away. The walls are by this time probably levelled to the 
ground. And this in spite of the most urgent protestations, and 
without any sufficiently justifiable cause. Thanks to Mr. 
Dollman, its details have been fully aa well as carefully analysed, 
and published in his ‘Examples of Antient Domestick A rchitec- 
ture’ Mr. H. Curzon, also, in (300) of the present Exhibition, 
gives the roof with equal accuracy and to a large scale. Another 
very excellent drawing of the same class, is (302) by Mr. T.J. 
Willson, in which the “Stalls of Lincoln Minster,” as measured 
and drawn by him, are illustrated even to the minutest detail, 
and accompauied, moreover, by a small plan showing the original 
arrangements, which in some respects differ from the existing 
ones Nearly the whole of the second screen is devoted to n 
* Selection from the sketches of the Class of Design of the Archi- 
tectural Association" during the past session. Thess sketches 
embrace designs for roofs, staircases, stablea, coach-houser, 
windows, lodges, pavements, sculpture, metal work, &c., aud are 
of various degrees of merit, but we are disposed to single out, as 
among the best, Mr. E. J. Tarvers * Ornamental Hinge” (:315), in 
which is introduced the subject of the “ Temptation of Eve;”— 
* National Schools,” by the same Pp albeit they are 
rather fancifal;—‘“ A Hinge” by Mr. M. H. Thomson;—namud the 


several designs for “ Entrance lodges and gates.” 
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Tae Pootw Cottrcrion or DRAWINGS AND SENTCHES. 

The distinctive feature of the present Exhibition—one indeed 
amply sufficient in importance to constitute an exhibition by 
itself—is the vast collection of sketches, drawings and water- 
colour effects, from the hand of the late Welby Pugin, and now 
the property of his only son, Mr. E. W. Pugin, to whom tbe 
ublic at large—but the architectural profession especially—are 
indebted for the privilege of thus beholding the results in part 
of that amazing energy and aptitude in handiwork which could 
thus condense far more than the usual labour of a lifetime into 
that of a very, very few years. Pugin died when he had scarcely 

ed his fortieth year, but he left behind him memorials of 
indomitable perseverance, in tracing out and pursuing a then 
almost untrodden path, one beset with difficulties, which to an 
ordinary explorer would seem insuperable, but which that 
master-mind was enabled successfully to combat. While there- 
fore we are called upon to make allowances for those peculiarities 
which marked the individuality of the man, and which undoubt- 
edly occasionally led him beyoud due bounds, it is impossible to 
contemplate, even for a moment, the chain of circumstances which 
guided his actions from time to time, withont the irresistible 
conviction that those actions were based on the purest love of 
his art, at whose shrine he was prepared to sacrifice worldly 
distinction, wealth, comfort, and, as the event proved, even life 
itself. Nor must it be forgotten, in scanning the host of draw- 
ings of all kinds, of which those before us are after all but a 
mere sample, that nearly every line aud touch was suggested by 
his own mind, and produced by his hand alone. Pugin was 
emphatically his own draughtsman: he scorned to live on the 
brains of others, and allowed no one to interpret his own ideas; 
he was his own designer, delineator, and colourist; the sole 
author of all that by pen, pencil, or brush was endorsed by his 
well-known initials, to which was not uncommonly appended 
his significant motto and constant watchword, '* En Avant.” 

The illustrations which, under the term of the “ Pugin Col- 
lection,” are now hung on the walls at Conduit-street, completely 
fill those of the west gallery, besides several large screensin the 
centre of the room itself To these must again be added the 
portfolios of working drawings, which, though less pictorially 
attractive than the subjecta which are framed, will be examined 
by the professional eye with certainly not less interest. The 
east side of the room is occupied by a series of “ Designs of 
Works" executed by Mr. E. W. Pugin, who is praiseworthily 
travelling in the same path which his father rendered so famous. 

It would be quite superfluous to attempt auything like a cri- 
tical description of this unrivalled collection, whileanythiug short 
of this would merge into a kind of catalogue merely. Leaving, 
therefore, the general mass, we must be content to state that the 
sketches from Chartres, Evreux, and Caen, on the north wall; 
those from Avignon, Milan, England, &c., on the south; and 
the 370 foreign sketches on screens Nos. 2, 3, 4, 5, 6, will be 
found eminently valuable, both as models of expression, and 
repertoires of design, while the more elaborated drawings of 
Bilton Grange, near Rugby—perhaps the most successful of 
Pugin’s domestic structnres—and those for his own house at St. 
Augustin's, Ramsgate, will be regarded with equal curiosity and 
delight. Nor must the marvellous achievement which suggested 
and perfected the hundred and seventeen "Designs and Plans 
for the restoration of Baliol College, Oxford,” passed over 
without comment, and a word of passing regret that their accom- 
plished author was not permitted to realise his well-digested 
scheme. In the “Scarisbrick Hall” he was more fortunate, 
and has displayed a portion of the results of his labour in the 
eleven drawings which grace the north wall. Then, algo, the 
acreen No. 1 contains a vast store of thought, as indicated in 
the 160 original designs which are there arranged; and some of 
the ideas for the completion of the Roman Catholic Cathedral, 
Southwark, more especially a rough but highly effective elevation 
of the west, end, showing the tower and spire as proposed to be 
completed, testify to that versatility of genius and power of 
delineation in which Pugin then had as few rivals as he has now 
genuine successors. 

Some interesting leaves from his diary, at a comparatively 
early age, which are displayed on one of the walls, show the 
impulsive nature of his mind, and the picture of the distinguished 
architect intended to be realised by those who were not person- 
ally acquainted with him, is rendered still more complete, by 
the family memento-s with which the spectator is made familiar; 
also by the portrait (life-like no doubt) of Pugin’s father, the 
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author of the well-known “Specimens” and “Examples” of Gothic 
architecture; and by the highly-finished portrait of himself, 
by Herbert, R.A., which has been engraved; also by the examina- 
tion of the original manuscripts and illustrations of several of 
his published works, and which, though kept under lock and 
key, are left in charge of the curator expresaly for the purpose 
of examination. 


We may remind our readers that the Exhibition will close on 
the 30th of this month. 


ee 


INSTITUTION OF CIVIL ENGINEERS, 


April 29, and May 6.—The first paper read was '* On the Sea Dykes 
of Slesvig and Holstein, and Reclamation of Land from the Sea. By Joux 
Paton, M. Inst. C.E. 1 

After referring to the vast extent of land inclosed by these dykes, as 
being probably greater than in any other part of the world, the author 
pointed out the changes to which the west coast of Denmark had been sub- 
jected, and the influence which such variations had had on the dyke 
works. Inillustrating this part of the subject, the line of demarcation 
between the elevation and depression of tbe Scandinavian Peninsula was 
alluded to, and it was shown that south of this line there had been no 
general depression of the land for many centuries, an old Viking harbour 
on the Island of Romoe being instanced as having undergone no change, 
although local variations had taken place. An account was then given 
of the principal storm floods which had occurred on the Danish coasts 
during & period of two thousand years. The traditional state of the 
coast before the Christian era was then described, and its condition in 
A.D. 1240 and in 1860 was shown by diagrams, from which it appeared 
that the old boundary of the main land was outside the present islands, 
the collective area of which originally amounted to 1500 square miles. 
The author believed that these variations were owing to a general sub- 
sidence of the land (and not as understood by the term encroachment of 
the sea), and facts were adduced of the existence of vast submarine 
foresta, and even submarine tumuli, in which stone and flint weapons had 
been found, assigned to an age nearly four thousand years ago. These 
forests, and also submarine peat bogs, in which were distinguished the 
fen plante of fresh water, together with trunks of trees, were met with 
almost everywhere on the coast, under the present surface of the sea, 
sometimes being covered with a depth of 12 feet of water. It was con- 
sidered, for various reasons, that the sudden and general depression of the 
land probably occurred about two thousand years ago; while, at the same 
time, it was pointed out that local subsidence and other variations had 
taken place. A great part of the marsh land rested on peat moes, and 
on water containing peat, which continued to sink until far below the 
level of the sea. The Wilster and the Kremper marshes in Holstein, 
covering an area of about twenty square miles, were illustrations of these 
changes. It was stated that when a boring was made for the purpose of 
testing the nature of the ground, the rod suddenly dropped sixteen fect, 
and a stream of gas rushed upwards, and burned for several days. When 
a high rise of tide occurred in the North Sea, salt-water springs had burst 
forth from the marshes; and, had the pressure continued, the utter de- 
struction of these marshes would no doubt have been the result. Immense 
exertions had been made to remedy the evils arising from these peculiari- 
ties. The phenomena noticed in these marshes, together with the salt- 
water eruptions and curious storm floods, were considered as highly 
important in the design and construction of engineering works, and as 
affording the means of satisfactorily accounting for some of the most 
tremendous disasters on record, hitherto attributed to the bursting through 
of the protecting lande. It was believed that this view was confirmed by 
that remarkable case the formation of the Zuyder Zee, originally a fertile 
land of nearly two millions of acres, although a marsh resting on peat 
bogs. The author considered that the destruction of the isthmus between 
Steveren and Medemblik was the effect, and not the cause, of that great 
eruption, and that the district was destroyed by the pressure and eruption 
of water from below, consequent on the sudden and great elevation of the 
water in the North Sea; and instances were adduced showing a com- 
munication between the wells of that district and the North Sea. Other 
local peculiarities were pointed out; and the Island of Amrum was stated 
to have risen twenty feet since the time of the earliest recorded flood. 
Similar occurrences had taken place in other countries, but there were no 
positive traces of such upheaving on other parts of the west coast, or on 
the islands. Heligoland had lost seven parishes in less than two hundred 


years. 
Although in many places the sea had washed away the shores and cliffs, 
et this was comparatively of limited extent, and a greater area of marsh 
land had been restored since the embankments were made; the inner 
marshes being always lower than the outer, while the forelands continually 
increased. The Lyster Deep, drainage of the country to the westward, 
and deep fiords on the eastern side of the Duchies were then noticed, as 
well as the formation of the Aggar Channel, which occurred during the 
atest storm flood on record, that of 1825. This storm flood arose 
m the south-west, and some curious pheuomena were observed during 
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its continuance, the water rising to an extraordinary height and with 
singular rapidity, while it fell as suddenly. The author considered that 
this flood, as well as others, could not have arisen simply from the effecta 
of violent gales in the North Sea, and he attributed them to volcanic 
movements of the bottom of the sea; alluding to the phenomena observ- 
able during the earthquake in Jutland in 1841. In further corroboration 
it was remarked that from the twelfth to the nineteenth century two 
hundred and fifty-two earthquakes had occurred in the Scandinavian 
Peninsula and Iceland; the movements in the former being usually from 
S.W. to N.E., or almost invariably the direction in which the most 
disastrous storm floods affected the Danish coasts. It had been stated i 
Mr. Mallet that during the great earthquake at Lisbon the sea was inu 
agitated along the coasts of Holland and Friesland, and vessels were 
dashed against each other; shocks of earthquakes and tremblings being 
felt at several places in Holstein, the water in the wells rising so high as 
nearly to inundate the land in some places, while the River Eider was 
particularly agitated. The effect of these storms upon the islands, and 
the protection afforded by the ‘dunes’ were then commented on. The 
disappearance of the dunes between the Island of Amrum and the 
Fiderstedt was attributed to the washing away of the land on the eastern 
side; while at the same time it was pointed out that, at particular places 
where the sandy dunes were levelled by occasional floods, they were 
singularly productive of grasses, a Bea | of £3 per acre having been 
realised, and under certain conditions good crops of grain had also been 
obtained. 

The construction of the dykes was then described in detail; historical 
records being given of the earliest forms, including the 'halligs,' rem- 
nants of large tracta of land, which were shown to be of great antiquity. 
Tt was considered that the preservation of the halligs and of the islands 
was of vital importance to the whole of the marshes, the full force of the 
sea being broken on them before reaching the main land. It was noticed 
as a curious fact, that while the forelands were forming rapidly, the 
halligs were aa rapidly decreasing; and that, consequently, the beneficial 
influence they exercised would probably cease with time. The Island of 
Pellworin was specially instanced, as possessing a vast influence on the 
maintenance of the marsh district; although owing to its isulated and 
exposed situation, the peculiar nature of the soil, and the gradual depres- 
sion of the land, it waa somewhat questionable if the strong and perfect 
stone dykes, or indeed any other works, except the inclosure of the inter- 
vening space between the main land, would absolutely free the island 
from danger. The dykes were classified as summer dykes, inside, and 
outside or sea dykes. The former were the most ancient, having been 
constructed by the early settlers on the ‘warfths’ as a protection against 
occasional tempests. Details of the various forms of dykes were then 
given. Generally, in Slesvig, a slope of 3 to 1 was used on the seaward 
side to a height of 10 to 12 feet above the ordinary level of the water. 
There was then a cess or bench of 10, 12, or 15 to 1, according to cir- 
cumstances, the section being entirely dependent on the position, the 
extent of the foreland, its height above the ordinary flood level, and ita 
exposure to the direct action of the waves and wind. The variations in 
the rise of the water on different parts of the coast had a considerable 
influence on the height of the dykes; and it was shown that a high level 
of the crown was not always desirable, the banks on the Island of Pell- 
worm being instanced as illustrations. The application of the curved 
stone facing for defending the dykes appeared only to be justified under 
peculiar circumstances, and by the want bf straw and the acarcity of 
labour in the time of danger: as it was thought to prevent the natural 
rising of the ground, and to cause a depression at the foot of the facing, 
hesides being very expensive. The materials for and the mode of forma- 
tion of the dykes, sand the various plans of protection adopted, were 
then treated of. Above the ordinary flood level, graes plots, covered or 
uncovered with straw matting, were shown to be of much importance; 
while in exposed places, where every ordinary tide reached the dykes, the 
rea slopes were sometimes covered with straw matting stitched down in a 
peculiar manner, or they were pitched with stone, or protected with fascine 
or hurdle works. These and other methods had all been adopted with 
uniform advantage under the circumstances in which they had been 
employed, particularly that of protecting the slopes with twisted straw- 
bands. It was stated that there was no feature in connection with the 
dykes of greater importance tha the projecting works or yroynes, and 
diagrams were exhibited illustrative of the extent to which they were 
now being carried out, some being constructed of great length, nearly 
4000 feet, with the object of connecting one of tho small islands with the 
main land. Numerous examples were given of their advantage in exposed 
localities, as at Schlenkulen, in Holstein, where there was a depth of 
water of from 90 to 100 feet. The author thought the skilful manner in 
which the Dyke Inspectors, both in Sleavig and in Holstein, had over- 
come the difficulties, entitled them to the highest commendation. He 
then alluded to the precautionary means adopted in time of danger, 
pointing out that by the laws regulating the dyke lands, the inhabitants 
vf the ‘koogs’ contributed to the maintenance of the dykes, according to 
the position of their land, its exposure to danger, and tbe intrinsic value 
of the soil. 

In conclusion the author reviewed the general advantages of these 
works in England, Holland, and Denmark, and the resulta which had 
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been accomplished, as well aa those which still remained to be achieved- 
He considered the true test of successful engineering enterprises to be 
not so much the perfection of the gigantic works which had been raised 
up as monuments of skill, but rather the benefits they conferred upon the 
world. Judged by this standard it was contended that no other engineer- 
ing works were of more paramount importance than reclamations from 
the sea. It was observed that the country, which was originally a track- 
lesa waste, now consisted of some of the richest land in Europe, furnish- 
ing, together with the kingdom of Denmark, corn to England to an 
extent only surpassed by two other great states of the world, besides vast 
numbers of cattle, sheep, and horses. These results were then compared 
with what had been accomplished in the Lincolnshire Fens and in 
Holland, and it was remarked that the three marsh countries were 
capable of affording a larger supply of grain than was now imported from 
America, Russia, and Prussia combined. Indeed, independently of other 
great inclosure works, it was estimated that the annua! revenue of those 
countries was at least eight millions sterling, a sum equivalent to more 
than the net passenger receipta of all the railways in the United Kingdom. 
There were still upwards of 600,000 acres of land in England and Ireland 
worth from £20 to £6V per acre, which might yet be reclaimed, and if 
similar districts in other countries were added to this calculation the 
magnitude of the results could scarcely be overrated. It was remarkable 
that, notwithstanding the many advantages attending reclamation works, 
which could now be effected at a less expenditure than formerly by the 
judicious application of steam power, such enterprises were still regarded 
with suspicion and distrust, although they afforded the means of the 
soundest and most profitable application of capital. 


The second paper read was “On Reclaiming Land from Seas and 
Estuaries.” By JAMES OrpnRAM, M. Inst. C.E. 


It was remarked that, considering the character of the river Humber 
and its tributaries, and the nature of the soil and the geological formation 
of the district, it was not surprising that the foreshores, except where 
efficiently protected by artificial works, should be easily washed away, 
and the water become loaded with a vast mass of earthy matter, to be 
again deposited in less disturbed situations. In addition to these natural 
deposits the surface of the low lands was frequently raised, and rendered 
available for cultivation by a system of ‘warping,’ the common process of 
which was described, such as had been practised on the Trent, the Ouse, 
and the Don. 

The degradation of the land on the whole of the sea-coaat of Holder- 
ness from Bridlington to the Spurn was then pointed out. It waa found 
by observations extending over a considerable period, that on 40 miles of 
coast the loss amounted on an average to 2} yards per annum; but the 
progress was far from uniform, in some places no change being percep- 
tible and in others as much as 10 or 15 yards disappearing in twelve 
months. As bearing on this branch of the subject, an extract was given 
froin a paper which waa read at the meeting of the British Association in 
1853, “On the Character and Measurements of Degradation of the York- 
sbire Coast," by Dr. J. P. Bell. 

The phenomena of tidal deposits and accretiona in the formation of 
new land having been explained, it was shown that the greater part of 
Sunk Island, and of the immediate locality, had accumulated during the 
last seventy or eighty years. This island was situated at from 7 to 11 
miles from the Spurn, on the north bank of the estuary of the Humber, 
having a line of coast of about 64 miles. It contained 7000 acres of 
inclosed land under cultivation, the property of the Crown; and adjacent 
to it, and forming an addition to the mainland of Yorkshire, there were 
about 3000 acres of rich alluvial soil. The accretions in the Humber and 
on Sunk Island were found to rise until the surface of the land was coin- 
cident with the average level of all tides. When this point was attained, 
marine plants appeared; and as soon as the surface of salt-water accre- 
tions was covered with vegetable life they were considered suitable to be 
embanked. Various opinions were entertained as to the source of the 
material forming these accretions. The author believed that it proceeded 
from the sea face of the coast of Holderness, as it could only come in 
with the tide, and be deposited at the time of high water. In support of 
this view a quotation was made from “The Geology of the Yorkshire 
Coast,” by Professor Phillipa; and a paper “On the Chemical Constitu- 
tion of the Humber Deposits,” by Mr. J. D. Sollitt, read before the 
British Association in 1853, was also referred to. 

In practical operations on the Humber, endeavours were in the first 
instance maie to secure a thoroughly uniform surface to the land to be 
juclosed. Thus, a year or two before embanking the ground was drained 
by ‘gripping,’ so as to let off the whole of the standiug pools, and allow 
the depressions to silt up. The permanent drainage of the land was 
provided for by a sluice, the size and the level of the cill of which were 
determined by the rise and fall of the tide, and by the extent of land tu 
be drained. With regard to the sectional form and area of the hank 
itself, where the outer face was exposed to a heavily rolling sea, the slope 
should be gradual: and if the soil to be used in its constrnction was 
light, then the bank must have a wide base, and there should be a pudite 
wall in the centre, to prevent leakage. If a slip took place in a tidal em- 
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bankment, fascines or ta should not be employed, as they were liable 

to act as conductors for the water, 

In illustration of these remarks, the works of the last embankment for 
inclosing 700 acres of new accretion at Sunk Island were deecribed. 

They were commenced in April 1850, and were completed in the 

December following, the tide having been excluded by the first of July; 

and they were executed under the direction of the author as engineer, 
Mr. G. C. Pauling being the contractor. The total length of embank- 
ment was 6067 yards. at portion which had to encounter the storms 
of the Humber was 3943 yards in length, its greatest height being 8 feet 
10 inches, width at the base 61 feet, and at the top 4 feet. The outer face 
had s slope of 5 to 1, and the inner of 14 to 1. The remaining portion of 
the embankment was 2124 yards in length, had an average height of 6 feet 
3 inches, though in one part it waa 7 feet 6 inches high, was 32 feet wide 
at the base, and 3 feet at the top. The outer face had a slope of 3 to 1, 
and the inner of 1 to 1. In making the embankments, the material 
removed in forming the drains roued the inside of the inclosure was em- 
ployed; where this was not sufficient, the contractor was permitted to 
excavate from the foreshore, provided the cutting did not exceed 4 feet 
6 inches in depth, and did not approach within 6 feet of the bottom of the 
outer slope. annels were cut to allow the water which accumulated in 
tbese pite to run off after every tide; and within four years these pita 
were silted up by tidal deposit alone. The banks were raised at once to 
the height of ordinary spring tides, the natural creeks being left open. 
These were then filled up simultaneously, and the whole of ihe banks 
brought to a uniform level to the full height required. The first bank cost 
ten shillings and sixpence, and the second four shillings and sixpence per 
lineal yard; or at the rate of fivepence farthing and fourpence farthing 
per cubic yard on the average respectively. The banks were perfectly 
watertight from the first, and the greatest settlement in any part was not 
more than 15 inches. 

Details were then given of the self-acting draining aluice, or clough, 
which was provided with tidal doors, and had been erected at a cost of 
£380. It appeared that the foundation consisted of timber piles, and 
that the superstructure was composed of brickwork with stone copings. 
The hollow quoins, the framing of the gates, and the top cills were of 
English oak ; the bottom cills being of elm timber. A door, capable of 
being raised or lowered by machinery, was provided to admit of the out- 
fall, which was liable to be silted up in dry seasons, being occasionally 
scoured ; and this door could be used, in very dry seasons, for admitting 
a quantity of tidal water to fill the fence ditohea. 

n after the exclusion of the tidal water the marine grasses decayed, 
and fresh water grasses gradually appeared. In about three years a 
tolerably good surtace of pasture was naturally formed, and on Sunk 
Island there arose a spontaneous growth of white clover. Some remarks 
were then made on value of this land for tillage, and it was stated 
that the tenants on Sunk Island admitted that they frequently obtained 
six imperial quarters of grain per acre. Flax was also produced in large 
quantities and of fine quality; and root crops, as potatoes, turnips, 
mangold wurtzel, &o. 


The third paper read was “On Reclaiming Land from Seas and 
&stuaries.” By J. H. MULLER (of the Hague). 

The author stated, that he understood works of this class to comprise 
an area either of salt marsh, aamphire ground, alake, mud, or sand, lying 
more or lees above the level of low water, and being reclaimed from the 
sea by means of embankments, and drained by natural means through 
the sea banks. Reclsiming land was frequently looked upon as a hazardous 
speculation, owing to the probable contingencies where water had to be 
dealt with, and to the benefits being generally prospective. It was often 
condemned on account of the state of the ground, which was pronounced 
to be unsuitable for the purpose. But the question should not be deter- 
mined in that way; for the value of the ground before being reclaimed 
was no measure of the merit of the proposal, which could only be decided 
by comparing the coat of the necessary works with the improved value 
that would be given to the land when that operation had been accomplished. 

After contending that the effect of reclaiming or draining land was to 
remove the cause of malaria or ague, and not as had been erroneously 
asserted to produce it, the author proceeded to point out, that in designing 
such works the object should be to inclose the largest area with the least 
length of bank, and the amallest average cross section, These points 
were regulated by the direction of the sea bank, to which attention was 
Bext called. It was sometimes recommended that the sea bank should be 
as nearly aa possible parallel with the current, and at an angle to the pre- 
vailing winds. But experience seemed to show that where creeks did not 
interfere a different system was preferable; and that one side should be 
boldly exposed to the full force of the gales, and that the current should 
be allowed to act upon it almost at right angles, if at the same time that 
one side would shelter or protect the two other sides. By this arrange- 
ment a leas extent of bank required supervision during , and it also 
presented ad van! during construction. The line of the embankment 
should, if practicable, cross creeks at right angles, and at the same level; 
aad in all cases care must be taken to secure the bottoms of the creeks by 
aprons to prevent them from becoming deeper. 
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The extent of land to be reolaimed at any one time was then considered, 
and it was argued that large areas were the least expensive in the end; 
for if a small area was selected at first, some portion of the origina! sea 
banks would be useless when an increase became desirable. If the banks 
could not be constructed entirely on the salt marsh, it was preferable to 
go to half-tide level. The difficulty in the construction did not increase 
with the size of the area reclaimed, but depended upon the openings left 
in the banks. As instances, — in reclaiming a piece of land of 1000 acres 
by a bank three quarters of a mile in length, the seat of which was 6 feet 
below the level of high water, only one opening 7 chains in width was left. 


. In another cage, in reclaiming 1700 acres by a bank four miles in length, 


the seat of which was 8 feet below high water, three openings of 5, 7, and 
12 chains in width were left. In neither case was the speed of the out- 
going current materially increased during the progress of the works, nor 
indeed until the cross section of the openings was diminished. In com- 
pleting the latter work the aprons were raised 18 inches, or 2 feet at a 
time, by wood-work, stone, and clay. It was expected that the current 
would increase in the third opening, when the two others were raised ; 
but this did not occur, as the water within the incloeure did not reach so 
high a level as that without; in fact it never attained to high-water 
mark. When the aprons were above the level of the reclaimed land, the 
current on leaving became violent. This could not, however, be avoided 
in finally closing a bank. 

Between the old sea-bank and the edge of low-water, the soil might be 
divided into four distinct classes :—the salt marsh, of clay, about the level 
of summer spring tides; then samphire ground, slake or mud, or rich 
alluvial matter, to half tide; next, hard ses sand; and lastly, near low- 
water mark, quicksand. Banks entirely on the salt marsh were the 
easiest and the strongest that could be made. Those on samphire ground 
and mad were the most difficult; slips were of constant occurrence, the 
use of waggons and horses was impossible, and a large proportion of the 
material was washed away as it was deposited, before bank was con- 
solidated and raised above high-water mark. In fact, for waste, settling, 
and contingencies, from 60 to 100 por cent. of the original quantity must 
be calculated upon as necessary. If a storm arose during the progress of 
the works the slopes could not be protected; and indeed a bank con- 
structed on such a bottom was always unsafe. When the line of the em- 
bankment waa laid at the half-tide level, or about the limit of vegetation, 
and on hard sand, it was possible to make the whole of the reclaimed 
land fit for cultivation, and this plan need not cost more, and was safer, 
than by adopting the higher but softer bottom. Banks on a lower level 
were not advisable. 

Having stated the conditions to be observed in the direction and situ- 
ation of the banks, the next question requiring attention waa the cross 
section. This naturally divided itself into two parts :—the main body to 
resist the dead weight of the water when at rest, and the mode of pro 
tecting the slope to enable it to resist the action of the water when in 
motion. With regard to the first point, the best cross section was that 
where the centre of gravity came nearest to the bottom and to the toe of 
the bank. For this reason steep slopes, with a cess or bench about the 
level of high-water, were preferable to flat slopes without a cess or bench, 
Sand standing at ita natural alope was sufficient to resist still water. 

Breaches in banks were attributable either to a small percolation of 
water underneath the seat, or to the defence or protection of the slope 
being insufficient. Frequently it was not ible to obtain clay in - 
cient quantities to form a puddle wall in the centre of the ; and if 
the force of the wave waa strong enough to break through stone and 
wood, clay would not be able to resist it. Sometimes, at extraordi 
high tides, a breach would occur above the cosa, but this rarely ha > 
and the time during which danger could are was so short, that the evil 
might be remedied before the next returning high tide. When the water 
rose above the top of the bank, the back unprotected slope was liable to 
be damaged, and thus to lead to a breach. This might be averted by 
driving stakes into the top of the bank, and placing planks, supported by 
olay or other materials behind them. 

ith respect to the protection of the slope, there was a difficulty in 
ascertaining correctly b e force of sea-water when violently agitated. 
Mr. Storm Buysing Btated, in his work on hydraulic engineering, 
that the shock of the water and floating objecta against slopes increased 
in the same ratio as the sine of the angle formed by the slope with the 
horizon. De la Coudraye and Brémontier contended, in their theory of 
the motion of waves, that the water only moved vertically up and down, 
without any horizontal displacement. It was well known that the sea 
had the power to destroy banks and to displace stones of considerable 
weight; and the engineer must be guided by experience in dealing with 
these matters rather than by speculative opinions. 

The materials employed for the defence of slopes were of three different 
kinds, clay and grass flags, wood and stone. When banks were constructed 
on salt marshes, the body consisted of clay taken from the adjoining 
excavations In this case it was advisable, after trimming the slopes, to 
sow coarse and meadow grass and clover seeds, and to protect the whole 
with acrammat. The crammat, which cost threepence or fourpence per 
square yard, was composed of a layer of clean barley atraw about two en 
thick, evenly laid, snd fastened to the clay by straw bands or atrands, 
sixty to ninety stitch:s being made per superficial yard. In two or three 
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the bank waa so consolidated that the mat did not require renewal. 
n these banks were on a lower level than the salt marsh, a protection 
of clay and grass was insufficient. In such cases a layer of clay, 
tected by stone at a slope of 4 or 6 to 1, was employed in England, but 
without a cess or bench. This afforded the isite but it was 
expensive, and as usually constructed it needed much repair. The author 
thought that, when the bank was constructed on samphire ground (as 
within a comparatively short period a new salt marsh or foreshore would 
be formed) it would be sufficient to protect the slope of the bank with 
wood, and that the slopes above the cess need not be protected, nor be 
flatter than 8 to 1. 

A description was then given of the protection by fascine work. This 
consisted of layers of faggots 5 or 6 inches in thickness, placed in a direc- 
tion up and down the slope of the bank, the thick ends overlapping the 
thin ends of the lower rows. These were fastened down by stakes, which 
were left 8 inches above the faggots, and were connected together by 
means of willow binders, or ‘wattles,’ something like hurdle work. When 
the proper sort of wood was obtained, this protection would endure from 
five to seven years, and was quite able to resist the action of the tide. 
The strength of this kind of protection might be increased by in i 
the number of the stakes and binders, or fling in with stone, 
wedged between the rows of stakes. The stone defence, as commonly 
constructed by the Dutch on islands exposed to the ocean, waa formed 
thus: when the slope was trimmed, a layer of clay 12 inches to 18 inches 
in thicknesa was spread over it, covered sometimes with a crammat. Over 
this, bricks in one or two courses were laid, and then from 6 inches to 
12 inches of brickbats, on which stones from 12 inches to 18 inches in 
depth were set. This work, though very durable, was costly, and hence 
should only be adopted where security rendered it necessary; as, for 
instance, for banks near to low-water mark. Details were then given of 
four different cross sections, and it was observed that, with a stone 
defence, the slopes were recommended to be flatter and the banks to be 
higher than where wood protection was employed; for it was expected 
that the former would be built in more exposed situations. In some 
cases it had been found advantageous to introduce rows of o&k stakes at 
intervals above the surface of the stone, to break the force of the waves. 

In the construction of sea walls or banks, the most difficult operation 
was that connected with the ing of creeks before alluded to, especially 
when the bottom was 10 feet, 20 feet, or more under low-water mark. In 

the usual plan was to fill in large quantities of material from the 
sides; but this was a costly method. In Holland, on the contrary, the 
custom was to raise the bottom uniformly to the level of low-water by 
means of cradles. The cradle was formed of brushwood, bound together 
by ropes and osiers, and was usually from 2 feet to 8 feet thick. It should 
be made on a flat sand, or silty ground, about 3 feet below high-water, of 
the full length of the opening, and of proportionate width; being per- 
fectly flexible, it adapted itself to the inequalities of the ground. It waa 
stated that particular attention must be paid to the stakes or fasteni 
by which it was held down, as the safety of the cradle depended entirely 
upon them. After being so secured it waa weighted with clay, briok- 
bats, and stones. The mode of constructing a cradle, of floating it to its 
place, and of sinking it in the centre line of the intended embankment, 
were then minutely described. The sides of the opening were next pro- 
tected with similar cradles, the lower end of each resting on that first 
laid. Subsequently other cradles were sunk over these, until the work 
reached low-water mark, when the width of the embankment was gradu- 
ally increased by throwing in sods on the flood side, protected by fascine 
work weighted with stone. The same process was pursued on the 
ebb side. When the surface of the creek waa level with, or above low- 
water, cradles were not required. In such cases the ground was covered 
with a thin layer of clay, protected by an apron of fascine work. 

In conclusion, the mode of constructing the banks themselves, by aide 
cuttings at least 20 feet from the foot of the slopes, was described ; and 
it was urged that each undertaken should be raised to its full height 
in one tide, the spond ails being cozered with a thin layer of clay. In 
the next tide this should be provisionally protected by a crammat, and 
before the ensuing spring tide the work shonld be ly protected with 
stone or wood. 


May 18 and 20.—The first paper read was '' The Malta and Alexan- 
dria Submarine Telegraph Cable." By H. C. Forpg, M. Inst. C.E. 

It ap that in May 1859, Her Majesty's Government determined 
that a telegraph cable should be laid between Falmouth and Gibraltar, 
and the late Mr. Lionel Gisborne and the author were appointed joint 
engineers. Subsequently, and after some progress had been made with 
the construction of the core and the outer covering, it was proposed to 
usa the cable to join Rangoon and Singapore. This idea was however 
abandoned, and m January 1861 it was decided that it should be laid 
be ween Malta and Alexandria, an operation which was carried out in 
the summer of that Des the communication having been successfully 
completed on the 28th October 1861. 

recommendations of the late Mr. R. Stephenson and Sir Charles 
Bright, as to the form and size of the cable to be use between Falmouth 
and Gibraltar, were then referred to; and it was stated that iron covered 
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cables, of three sizes, were designed for the varying depths up to 600 
fathoms, and for the greater depths across the Bay of Biscay, a cable 
covered with twelve steel wires pach enveloped in a bempen sirand, laid 
in a spiral form. The latter was abandoned when the destination of the 


that the cable would be laid in comparatively 
shallow water, different design would have been ad . The outer 
wires were much larger than those of the Atlantic, the Ses, and the 


other Mediterranean cables con a single conductor; and the con- 
ductor was nearly four times the size of the Atlantic cable, and twice 
that of the Red cable. 


The contract for the manufacture of the core was intrusted to the 
Gutta Percha Company; the contracts for the outer covering, and for 
laying and maintaining the cable for thirty days after completion, were 
let to Messrs. Glass, Elliott and Co. The conditions of contracts 
were then given in detail, the main features being that the core and the 
cable were to be kept continually under water during the manufacture 
and the laying, and that the electrical tests were to extend from the 
commencement of the manufacture until thirty days after submersion of 
the whole line. The different processes involved were next described, 
and it was stated, that under a pressure of from 600 lbs. to 800 lbe., the 
electrical condition of the core improved about 10 per cent. The reja- 
tive resistance knot, both aa to conduction and insulation, of the 
Atlantic, the Sea, and the Malta- Alexandria cables, was repre- 
sented by the numbers 1, 4 and 37. It was requisite that great care 
should be observed in making the joints of the core, of which there were 
four thousand two hundred in the Malta-Alexandria line, as the slightest 
imperfection in any one would be attended with danger. 

A difficulty having arisen in keeping the cable tly under 
water, one portion became exposed to the air, and was allowed to dry. 
When tested, a loas of insulation with increased resistance in the con- 
ductor waa observed. An investigation by Dr. W. A. Miller, F.R.S., 
showed that this deterioration was due to heating, from the effects of 
oxidation, It was consequently resolved, that the original idea of fitting 
the two ships with water-tight tanks should be carried out. The way in 
which this was accomplished, and the manner of coiling the cable on 
board, were then alluded to. The eye of each coil was fitted with an 
open framework of timber, by which arrangement a fault was cut out of 
the centre of a large coil, without ite being necessary to uncoil the whole 
ceble, aa would have been the case with a solid eye. 

Previous to commencing the operation of laying, the route was moat 
carefully surveyed by ships of the Royal Navy, when it was ascertained 
that the Admiral were in incorrect in latitude, and were 
deceptive aa to the soundings, the general depth and the conformation of 
the sea bottom being very different to what they were represented to be 
on the official charte. 

Each ship was fitted in the following manner: A large V sheave, 
furnished with a small friction band, was suspended above the centre of 
the hold, and over this the cable was led. The paying-out apparatus, 
placed on one side of the stern, consisted of three V aheaves in one 
vertical plane, and parallel to the centre line of the vessel, each sheave 
being provided with a friction-strap. The cable was passed over these 
sheaves under three weighted jockey pullies to the brake drum, round 
which it took three or four turns; then over a fixed sbeave, and under 
a movable weighted pulley into the sea over a fixed stern-wheel at the 
level of the last sheave. The dynamometer employed was similar to 
that used on the occasion of the successful laying of the Atlantic cable. 

The first portion of this line was laid between Malta and Tripoli, the 
greatest depth being 420 fathoms. The cable was paid out at an aver- 
age rate of 4:94 knots per hour. The maximum strain to which the 
heavy shore-end was subjected was 20 cwt., bat with the main cable’ 
thia did not exceed 12 cwt. The estimated slack paid out in the deep 
water was not quite 5 per cent. No difficulties of any kind occurred 
nntil attempts were made to splice tbe main cable to the Tripoli shore- 
end, which fad been laid by another ship. Nine unsucoessful attem 
were made, owing to bubbies forming under the fresh gutta-percha, but 
by cutting off a length of 25 fathoms of the shore-end a perfect junction 
was effected, The remaining cable on board this ship was laid in the 
direction of Benghazi, the maximum depth attained being 150 fathoms, 
the average speed of paying out 5'3 knots per hour, and the greatest 
strain 9 cwt. The cable next laid was part of the third section, com- 
mencing at Alexandria, and extending nearly 300 miles to the westward, 
towards Benghazi. The roughness and irregularity of the bottom ren- 
dered this operation very critical; but by carefully selecting and laying 
out the route to be pursued, after accurate soundi been made, 
and by only paying out in daylight, it was successfully completed. Six 
days were occupied in laying 128°8 knots of heavy cable and 158:32 
knots of main cable or a total length of 28212 ts. er Eid 
buoys were laid down to mark the route, and upwards of sixty di t 
courses were run. The maximum depth of water was 102 fathoms, the 
mimimum, for a short length, was 13 fathoms, and the average 3$ 
fathoms. Subsequently, the seoond part of the third section between 
Alexandria and i, and the second part of the second section 
between Benghasi and Tripoli were laid, and the communication wis 
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established. No accurate estimate could be made of the actual slack 
paid out, but as a general rule in depths under 100 fathoms, from 2 to 
24 per cent. waa the utmost that could be got out of the ship when the 
was running quite free, The angle at which the cable was paid 
out ranged from 40° to 45°. The maximum speed was 7°15 knots, the 
minimum 4*5 knote, and the mean 5:25 knote per hour. 
ing the tests during and after the laying, it was observed that 
sa the cable was paid out, its electrical condition invariably improved; 
the highest resistance being found in the deepest and coldest water, and 
the lowest in the shallowest and warmest water. Experiments as to the 
rele of working showed, that the speed attained agreed very nearly 
with that which had been anticipated, namely, five words per minute 
through a length of 1100 knots, except through the ahort sections, where 
the limit of the speed depended simply upon the skill of the clerk. 
The communication was accompanied by a map, showing the general 
course of the cable, by a longitudinal section of sea bottom, and by 
i of the electrical teste, Specimens of different cables were also 
exhibited. 


The second paper read was “ On the Electrical Tests employed during 
the construction of the Malia and Alexandria Telegraph, and on 
pae d Protecting Submarine Cables.” By C. W. SIEMENS, 

Having been employed by Her Majesty’s Government as the Elec- 
trician to superintend the manufacture and shipment of the Malta and 
Alexandria Telegraph Cable, the author was in a position to speak as to 
ita actual state of insulation, at different stages of its p and as 
to ite general superiority compared with former lines. The methods of 
testing differed essentially from those previously resorted to. This was 
the first line that had been tested systematically throughout; and the 
importance of a uniform and well-devised system of ical tests being 
carried on during the manufacture, shipment, laying, and subsequent 
working of aubmarine cables, bad been fully proved. 

The covered strand of conducting wire, in lengths of one nautical 
mile, was for twenty-four hours in tanks filled with water main- 
tained at 75° Fahrenheit. It was afterwards removed into a pressure 
tank, containing water at the same temperature, and when uniformly 
heated, it was teated for conductivity and insulation, and the result, 
expressed in units of resistance, noted. A pressure of 600 lb. per square 
inch was then applied, and the electrical tests were repeated. Before 
any coil was approved, it was required that the copper resistance should 
not exceed 3°5 (Siemens) units, or poesess 80 per cent. of the conductivity 
of chemically pure copper; that the gutta-percha resistance per knot at 
75? ahould &mount, at Tast, to 90 million units, corresponding to about 
80 per cent. of the highest insulation tha& could be obtained with the 
best guva- pareha of commerce; and further, that tbe insulation should 
improve when the pressure was applied, which was invariably the case 
when the covering was sound. The coils were then transferred to Mesars. 
Glass, Elliot, and Co.'s works at Greenwich, where they were subme 
in tanks until required for the sheathing machine. sheathed cable 
was coiled into large tanks, and was always intended to be oovered with 
water, but owing to a defect in the construction of the tanks, this 
regulation could only be partially carried into effect. It was also 
intended, in the first instanoe, that the ships should be provided with 
water-tight tanks to receive the cable during the outward voyage; but 
owing to the passive resistance with which every deviation from previous 
routine was usually met, this plan was not carried out, until the heating 
of the cable on board the S.S. Queen Victoria had proved, at great 
cost, that tanks were essentially necessary. There were other im- 
portant advantages obtained through the adoption of the water tanks by 
which the causes of failure in paying out were avoided, and the opera- 
tion was rendered oo; tively safe and essy. 

In conducting the electrical teats of the Malta and Alexandria cable 
in the course of its manufacture, the chief object was to obtain throughout 
strictly comparative resulte. For this purpose it was necessary to adopt 
a standard measure of resistance, by which to express both the con- 
ductivity of the copper conductor and of the insulating covering. This 
stan measure had been supplied by Dr. Werner Siemens. unit 
of resistance was that of a column of pure mercury, contained in a glass 
tube, one metre in length between the contact cups, and of one square 
millimetre sectional area, taken at the temperature of melting ice. As 
the testing apparatus had been already described in the blue book ‘On 
the Construction of Submarine Cables,’ it was not necessary to repeat it. 
In the Appendix to this paper, tables were given of the results of 

ns on two sections of the cable, at various stages of their 

progress, between Malts and Tripoli, and between Tripoli and Benghazi; 

end diagrams were exhibited representing graphically these results. On 

gochparing the insulation of the cables after being Lia down, with the 

ion observed shortly before on board, there was a decided improve- 

ment after submersion. is was partly due to the pressure upon the 

cables, the insulation improving 2 per cent. on an average for every 

100 Ib. of pressure upon the square inch, and partly to the léwer tem- 
perature at the bottom of the ses. 


For working the line, Mesare. Siemens, Halake and Oo. had supplied - 
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ink-recording instruments, fitted with uliar arrangements for dis- 
charging the residuary charge of the cable and capable of being worked by 
exceedingly feeble battery power. Although line was divided into 
three electrical circuite, messages were transmitted mechanically and 
instantaneously, at the intermediate station, by a system of double relay, 
or translation. By this plan messages could be sent instantaneoualy 
from London to Omsk, in Siberia, and there would be no electrical diff- 
culty in establishing the same direct intercommunication between London 
&nd Calcutta. 

Respecting the construction of a cable of a more permanent character 
than any hitherto made, to which the author had given much considera- 
tion for many years, it was observed that with regard to the insulating 
cov ing, paturo seemed to have provided only two at Mia erani 
india-ru and gutta-gercha, combining permanent pliability at 
ordinary temperatures with high insulating RSpsriy- India-rubber had 
a higher insulating power, a lower specific induction, and was capable of 
resisting bigher temperatures than gutta-percha; but the latter could 
be put upon the wire in a plastic state by a dye process, and gave 
greater security against faults than the lapped india-rubber covering. 

t was also less liable to receive accidental injuries, to become aticky or 
semifluid when exposed to the atmosphere, and resisted the action of water 
more perfectly. 

The absorption of water by gutta-percha, india-rubber, and compounds 
of india-rubber, such as vulcanised india-rubber, Wray’s mixture, and a 
compound with mica, under various pressures and tem and from 
water containing different degrees of salt in solution, had been fully 
investigated. These experiments served to show that an increase of 
pressure up to 50 lb. per square inch did not increase the rate of absorp- 
tion, which was found to be more rapid from pure wáter than from sea 
water, and from sea water than from brine. Raw an unvulcanised 
india- rubber absorbed water in greater quantities than the other materials; 
while, next to gutta-percha, vulcanised india-rubber showed, both in 
fresh and salt water, the greatest insensibility to absorption. 

The results of experiments on the insulating and inductive capacities 
of wires coated with india-rubber in combination with gutta-percha, 
compared with those of special gutta-percha and pure india-rubber at 
different temperatures, were then given. The lengths experimented upon 
varied from 600 to 2500 yards. The specific resistance of special gutta- 
percha decreased from 9:11 at 50° Fahrenheit to 1:50 at 89° Fahrenheit, 
or to about one-sixth of its original value; while the combination of 
india-rubber and gutta-percha had, under the same circumstances, only 
gone down to about one-third of its insulation at 50° Fahrenheit. The 
inductive capacity of the combined india-rubber and gutta-percha wire, 
and of pure india-rubber covered wire, was 0:7 to 1. Notwithstanding 
the comparatively high insulating property of india-rubber, its low in- 
ductive capacity, and ite power to resist heat, ite gradual dissolution in 
sea water was a circumstance which alone rendered it inadmissable for 
submarine wires, unless it was securely inclosed in another waterproof 
medium, and gutta-percha appeared in every respect well suited for such 
outer covering. It was desirable that the india-rubber should be brought 
npon the wire without the application of heat, or solvente, both of which 

entailed a gradual decomposition of that material particularly 
when exposed to atmoepheric influenoe in contact with copper. Dr. W. A. 
Miller had stated, that the liquefaction was the result of a process of 
oxidation, from which it might be inferred that the effect could not take 
place where oxygen was excluded. It, moreover, was important to 
duce a perfectly cylindrical covering, and taking advantage & 
peculiar property of indis-rubber cohering perfectly where two fresh cut 
surfaces were brought together under considerable pressure, the author 
had constructed a covering machine which fulfilled the severs! purposes. 
Such combined india-rubber and gutta-percha covered wires had been tried 
under various circumstances, exposed to the atmosphere, to water, or the 
moisture of the ground, for nearly two years without betraying any signs 
of gradual deterioration of the mdis-rubber, or the appearance of faults. 
A circumstance greatly in favour of the bi-covered wire, was that the 
gutta-percha shrank upon the india-rubber covered wire, and when any 
mechanical injury to the covering occurred, the yielding india-rubber was 
forced into the gap, by the elastic pressure exercised by the gutta-percha, 
and prevented the appearance of s fault. 

Tbe outer covering of cables, as hitherto constructed, was certainly 
the least perfect part. An iron sheathing was very necessary to protect 
the insulated oore in shallow waters, but for cables in more than 80 or 40 
fathoms of water, the iron sheathing was an element rather of weakness 
than of strength. It rendered the cable ponderous, its shipment ex- 
pensive, the paying out risky, and repairs impossible, owing to the diffi- 
culty of raising a heavy cable from a t depth under any circum- 
stances, and the absolute impossibility of doing so after corrosion of the 
iron wire had made some 

When the Falmouth and Gibraltar cable was first contemplated, the 
author, in conjunction with Mr. Forde, proposed to cover each iron wire 
with gutta-percha, with a view to prevent oxidation; but the system was 
not acted upon, except by way of experiment. Mere protection of the 
wire was however not sufficient, in the author's opinion. It was capable 
of mathematical demonstration, that in paying out a wire-sheathed cable 
with a considerable strain upon the breakwheel, it would untwist while 
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in suspension in the water, to a considerable extent, oausing elongation 
of the core to the amount of, say one per cent., or even more. On reach- 
ing the bottom, the strain and consequent twist would be released. 
Copper wire could not be elongated more than 2 per cent. without 
receiving a t set; and it was also a well ascertained fact, that 
when telegraph core had been stretched at any time beyond the limits of 
elasticity of the copper, the latter being henceforth too long for the more 
elastic covering, would tend to assume a serpentine form, and to push its 
way through the insulating material by slow degrees, particularly in 
places where short bends or kinks occurred. 

Based upon these views the author designed a sheathing of the follow- 
ing description :—The insulated conductor, or core, was passed in the 
sheathing works through a series of three machines in close succession. 
In passing through the hollow spindle of the first machine, a cluse spiral 
covering of hemp, previously saturated in Stockholm tar, was applied in 
such a way, that each string waa and remained under a given strain. The 
mecond machine was in similar construction to the first, but supplied a 
second covering of hemp wound in the opposite direction to the first. 
The rope thus formed passed next through a stationary clip, with longi- 
tudinal grooves to prevent it from turning round in the operation imme- 
diately following, which oonsisted in the application, under the influence 
of great pressure, of from three to six strips of copper, or other metal 
which might best resist the action of sea water. These strips were 
accurately guided into the revolving covering tool, so as to ov each 
other equally for nearly half their breadth, the pressure applied being 
sufficient to crush, or socket the one metal down where it was covered b 
the other. This cable had no tendency to untwist; its extension wi 
half the breaking strain upon it did not exceed one-half per cent., and 
being very strong, and of only double the weight of water, it would 
support about 8 miles of its own weight in the sea. 

Considering that good ship’s sheathing lasted about 10 years when the 
ship was at rest, and that the cable had two layers of metal, with 
hardened tar between, it appeared not unreasonable to su , that this 
sheathing would last at the tranquil bottom of the ocean from 20 to 30 
years at least. Several short lengths of this cable were now being tried 
under various circumstances, and the results so far were promising of 
success upon a larger scale. 


After the meeting, Mr. F. C. Webb (Assoc. Inst. C.E.) explained a 
modification of the ordinary sextant, by which larger angles could be 
measured than with the instruments now in use. Two sextants (by 
Messrs. Fletcher, of Leadenhall-street) were exhibited, one on the 
common idv vertu and the other on the modified principle. 

It was stated, that when the arm of the common sextant was at vero, 
the lines of incidence and of reflection of an object seen in the horizon 
glass formed a certain angle with one another, both at the object and 
horizon glass; and that this angle, termed the constant angle, deducted 
from 180°, gave the extreme theoretical angle which could be measured. 
Practically this measurement was still further reduced, by the limits 
within which it was possible to reflect an object from a plane surface 
with accuracy, and which, if assumed as 170° instead ofal80°, would 
give the angle from which the constant angle must be deducted to obtain 
the extreme angle capable of being measured. The smaller the constant 
therefore, the nearer would this angle approach 170°, with a given 
amount of accuracy. It was observed that this constant angle was 
dependent on the relative position of the object glass, the eye piece, and 
the horizon glass; and was in fact the angle formed by a Ime drawn 
from the eye piece to the centre of the horizon glass, with a line drawn 
from the centre of the horizon glass to the centre of the object glasa, 
~ The reduction of this constant angle to a minimum was effected in the 
modification alluded to, by placing the eye piece very near to the ie 
gias, and the horizon glass as far as possible both from the object g 
and the eye piece. The extreme angle capable of being measured was 
thus considerably increased, and with conditions more favourable to 
accuracy; for whilst the angles of incidence and reflection in the object 
glass were not smaller than in an ordinary sextant, those in the horizon 
glass were constantly larger. With a given angle to be measured the 
conditions were more favourable to accuracy, since the lines of incidence 
and reflection formed larger angles with the reflecting surfaces, both in 
the object and the horizon glasses. 

In marine and land surveying. and in taking altitudea of celestial 
objects with an artificial horizon (where the angle to be measured was 
double the altitude), this increase in the capabilities of the instrument 
was, it was believed, a manifest advantage. 


The following candidates were ballotted for and duly elected:—J. G. 
Fraser, H. Hayter, R. Johnson, A. M. Rendel, J. D'A. Samuda, I. E. 
Tanner, C. F. White, as Members; and Major A. C. Cooke, R.E., 
Capt. W. H. Mackesy, C. E. W. Ogilvie, W. Sugg, D. Thwaites, 
J. k Warham, and J. Weild, Associates. 
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THE ALBERT MEMORIAL. 


TO THE EDITOR OF THE CIVIL BNGINKER AND ARCHITECTS JOURNAL. 


Str,—I have seen in your Journal several valuable suggestions 
as tothe proper nature of the monument to be erected to the 
late Prince Consort. The injudicious proposal of the obelisk 
having been overthrown through the objections raised by many 
respecting that most inappropriate description of monument, 
the question is now again before the world. Regretting that the 
character of the movement has been weakened through the 
failure referred to, all persons must see that this consequence of 
an attempt to force a question against the sense of the public has 
its satisfactory aspect in offering a warning to those who might 
attempt “jobs” of the like nature in future. What object could 
an obelisk answer ? The mere monument of brute power con- 
fided to one hand, and by that hand directed to achieve a single 
object, which was only great because it was difficult and aston- 
ishingly costly; such a memorial has few charms for the modern 
mind, which fails to see so much in those vulgar elementa of 
greatness—eize, force, and cost, as an Egyptian of Rameses’ time 
naturally did. Prince Albert was a patron of art; let him be 
commemorated by a statue. To the queden statue for 
the Prince ? most men answer,—undoubtedly a statue for the 
Prince. There is no other method of commemoration which 
presents so many and such lasting claims for employment 
as that of sculpture. Carved in marble, or cast in bronze, 
& monument insures almost an immortality for the personage 
the nation delights to honour to that extent. Much has 
been said, and can be said, in favour of the public gratitude 
taking the form of some kind of benevolent institution; but 
if we are to have a natioual monument of gratitude, given 
by the nation in its corporate and collective capacity, it must 
be such a one as all the world may see and remember; & 
high-placed statue, in marble or bronze, paid for out of the 
national treasury, by vote of the national representatives, and 
wrought by an English eculptor, to the memory of the fnend 
of England. 

A statue placed before all men's eyes fixes the memory and en- 
Suis the hopes of others; the wing of an hospital, save to the 
immediate numbers receiving direct beneft from its use, soon 
loses the name of its founder. The edifice must be enormous in- 
deed which wholly embalms a man’s memory, —such a man aa the 
Prince was; and people are convinced that no public building will 
wholly satisfy the newly awakened feeling of the world, which 
rushes with the more fulness in the channel of gratitude, from 
the. conciousness that it bas been a little negligent and dull of 
hearing when the voice was alive that spoke so kindly and well. 
Hospitals and t institutions are monuments rather than me- 
morials, as has been well said, and familiar use makes them to be 
forgotten except by those benefited. How many amongst us know 
the name of the founder of St. Thomas's or St. Bartholomew's ? 
Guy's has preserved the name of its founder, because of itsromantic 
tale, and in no small degree from its own oddity of title; but even 
Guy's does not do what it was meant to do. It forms almost a 
solitary example of a turning from an original purpose to one not 
less, but even more, benevolent. The house for “ incurables” of 
Dr. Guy has become one of the most magnificent, if not the most 
magnificent and fully blessing centre of medical help in Europe. 
The chances tbat any change of destination, such as the course of 
time must be expected to bring upon a similar institution erected 
to the memory of Prince Albert, should take a similar right di- 
rection, are too small—as innumerable examples sadly prove, 
wherein the fatherless and sick have been plundered—for us to 
desire that his memory should be committed solely to the charge 
of any such fortuity. 

I have said that no public building will wholly satisfy the 
feeling of the reve of ipu in this matter, and believe 
they will look to the national representatives to vote a sum for 
the erection of a statue on a grand scale, to commemorate him 
who served them so well. Let this be the national expression of 
Parliament; and as the three or four thousands of pounds such a 
purpose will demand are not of much moment, the general public 

orm of gratitude may take any larger scope the flood of subscrip- 
tions may allow. Itmight well be the plan proposed by Mr. Cole, 
of completing an idea said to be much entertained by the Prince,— 
that of founding an Industrial University, the special object of 
which ahould be to grant degrees and honours in those perticular 
sciences and arts which directly influence works of industry. 
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The schools of the Department of Science and Art, by pu 
ing certificates of competency to those trained therein, already 
exemplify a portion of this scheme; hence, I say, the proposi- 
tion Is to complete a noble project already commenced and in 
action, much attended to by the Prince, and in the working of 
which hia los will be sensibly felt for some time to come. ith 
the details of the plan as proposed by Mr. Cole in his letter to Lord 
Granville I do not entirely agree; believing that the idea of 
granting degrees for the fine arts of painting, sculpture, architec- 
tare, and music, must be watched with great heedfulnesa, lest 
the whole plan be poughr into contempt thereby. The “ when 
combined with industri v perii d the limit proposed for the 

tice of this portion of the scheme, is so vague that many will 
join me in fearing its futility. Consider how it could be defined. 
Grant a certificate for figure-drawing as the accomplishment 
most needful for an artist, and is it to be expected any body of 
examinera would p the same to a Turner} Unquestionably 
not; and so men of that sort would fly from the body, and their 
example would license a thousand empiries, and weaken the 
value of the scheme. The world has always a suspicion of such 
thing. You can grant a degree in dentistry, because you can 
examine the claimant, and test him practically; but can you 
examine a painter upon the soul of his art? can you define its 
limits! or are you at once to say that painting per se is not an in- 

dustrial occupation? The idea of the proposed University is a 
noble one, and was t in men’s minds long before Prince 
Albert or Mr. Cole came into the world. Yet it may be well 
carried out to the Prince's honour if confined strictly in applica- 
tion to art manufactures, where definable and definite technical 
skill is required for the mere life of the thing to be produced; 
butin Art, which flies for its means of expression to form, to 
expression, to chiaroscuro, to ineffable colour or composition, one 
and all by turns, no test can be applied. The more successful 
the scheme might be in that part of its application, the more mis- 
chief it would do. 

, Either this or any other t scheme for education or for test- 
ing education would serve the purpose in view as well as or better 
than an hospital or an asylum. If an asylum was to be adopted 
a heedful thought might be given to that end for which Turner 

devoted so much of his savings. A little sign of gratitude for 
his great gift might be found under the greater payment to his 
royal contemporary, and the nation might so relieve itself of the 
shame ot having taken the unhappy letter rather than the spirit 
ofa great man's words, The Prince served the cause of the arts 
to the best of his ability, and some portions of the teeming grati- 
tade of the country might fitly find expression, if an asylum be 
founded, in the realisation of an even grander scheme than 

“Tarner’s Gift” comprised. 

We may take it for granted that the national gratitude will 
find expression in some kind of public monument, and it may be 
expedient to consider what kind is fitteat to the occasion. We 
cannot boast of rocks like those Sesostris carved his own figure 
upon, and which the Chaldean king used again. “The Pyramids 
have forgotten the names of their founders; and if we, following 
the ancient example of Britain, were to pile a mound of earth as 
large as Cissbury Hill, people might a few ages hence dispute 
about its meaning. The obelisk which lies in the mud of 
the Nile has been proposed for removal, as it inevitably is 
on any public occasion, but the public fails to see its appro- 
priateness to commemorate an Anglo-German prince; and how- 
ever beautiful the obeliscal form is, we believe our architects have 
not devoted sufficient attention to the study of the obelisk to 
enable them to produce, in a satisfactory manner, anything 
but a copy of the forms already known; and this, I believe, no 
one will desire, if the monument is to be characteristic and 
national, Neither can the obelisk be said to be popular amongst 
us. Even less popular are the monumental columns which have 
been employed, for such opposed reasons, in commemoration of 
Nelson and H.R.H. the Duke of York. A third will not be 
tolerated. Then comes the Greek or Roman temple form of 
manifestation, of which one or two examples have been but nega- 
tively fortunate. The Gothic Memorial Cross might be worth 
considering; and if Her Majesty determine upon a special and 
personal expression of her own feelings, the site at Charing 
Cross has a name and everlasting sympathies connected with the 
most apt and beautiful series of works dedicated by household 
love: and Victoria of England might repeat upon the same site, 
for Albert of Saxony, what Edward of England did for Eleanor 
of “astile. This form of monument seems almost sacred to 
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religous or marital memories. The Scott monument at Edig- 
burgh forms the only example, in our memories, of a diverse 
employment. 
utting aside works of utility, such as brid of which we 
can have enough as required, there seems no doubt but that a 
statue constitutes by far the best form of monument open to us. 
Few will hesitate to vote for an equestrian statue, for not only is 
that the noblest form, but, oddly enough, we have had fewer 
downright failures in equestrian statues than in statues on foot. 
The most luckless of these, Wyatt’s “ Duke,” owes much of ita 
ief to the position fate and some “ board” have bestowed upon 
it. London offers many sites for the national statue. A most 
appropriate one is already filled, by the desire of the Queen that 
space above the arcade in the Royal Horticultural Gardens, 
which was to have held her own statue, should hold that of the 
Prince himself. Moreover, fine as this site is, iv were not public 
enough, if unappropriated. To a certain extent the placing this 
memorial at South Kensington supplies a want many must have 
ised, £e, that something of the sort should appear in that 
suburb with which His Royal Highness was so.much identified. 
Otherwise, the Kensington Road, immediately above the Gar- 
dens, would offer & noble site, visible in three directions as far as 
the eye can reach, close upon the site of the International Exhi- 
bition, and more open than any space could be found in front of 
thelatter. By widening the road on either side, which readily 
could be done, any interruption of traffic by the erection of the sta- 
tue on this site would beavoided. This would also be more public 
than the site suggested in Hyde Park where the great transept 
of the Exhibition Building stood, and near enough to commemo- 
rate that also. No sculptor would like to see his work—a work 
upon which so much time will needfully be spent—placed anywhere 
within hearing of the monstrous “ Duke:" otherwise Hyde Park 
Corner isa grand site for a grand work. It is quite certain that 
statues are never more to be buried in ens, so we may diemiss 
the idea of any “square” giving a habitation to the one contem- 
pated. There is a noble space right in front of Buckingham 
alace, at the head of the Mall, which, although dominated by 
the ridge of Piccadilly, is yet open enough, and has the sanction 
of the continental custom of placing royal statues in front of 
royal palaces. If this site be thought more royal than national, 
it isat any rate preferable to the summit of the Marble Arch, 
unless, indeed, the memorial takes the form ofa chariot and 
horses, or a t group of many figures,—which, as portraiture 
seems essential under the circumstances, appears out of keeping 
with the occasion. The summits of triumphal arches are only 
fitting to the display of such groups from their very forms; and 
any attempt to repeat the monstrous folly at Hyde Park Corner 
will only constitute a second instance of barbarous ignorance and 
stupidity. Regent Circus seems unfit, and Waterloo Place has 
hardly room for a large work without interfering with the works 
already there, or which on a smaller scale mi ‘ht find standing 
room between the Guards’ Monument and the York Column. 
Anyone who has seen the effect of placing an equestrian statue 
within a quadrangle, of which Mr. Foley's Lord inge, when 
exhibited at Burlington House, afforded a noble example, will 
agree that such is a favourable locality. I may name, amongst 
other sites, the very appropriate one of the front of the new 
buildings now in course of erection at South Kensington for 
the use of the Department of Science and Art. There was 
pre to Parliament along with the report on the South 
ensington Museum, made the year before last, a perspec- 
tive view and ground plan of certain works proposed by 
Captain Fowke for the use of this department. These em- 
braced a crescent-shaped court-yard, bounded by a screen of 
columns on the north side, and thence opening into a quad- 
rangle. It is understood that some such work as this is decided 
upon: at any rate, the departmental buildings now in course of 
erection are part of this plan. However the facade may be 
carried out, there must be & fagade, and in front thereof ample 
room for the equestrian statue of the Prince, backed by buildings 
he himself contemplated, in a locality he may be said to have 
erected, amongst living interests and actions to whose fur- 
therance he dedicated much of his life. Almost every other part 
of London has some associations not peculiar to the Prince’s life 
and labours. Palace Yard, rather unfortunate in ita present 
puomi, inclosing Baron Marochettis bad statue, has 
egal or historical memories not to be disturbed. The Horse 
Guards is military; Charing Cross might do well,—and there 
is a vacant pedestal at the corner of Trafalgar Square; but then 
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no one would like to see Prince Albert pendant to George IV. 
—that would: be too hard upon his late majesty. I therefore 
offer three suggestions —the front of Buckingham Palace; Charing 
Cross; and the front of the new Museum at South Kensington — 
and advocate the last. 

With respect to the nature of the statue, let us enter an earnest 

protest against anything in a Roman toga. Probably sculptors 
exist who would dare to put a man weariug such a ent 
upon à horse. Let us also exclude—feeling the world bas got 
beyond the boyishness which loves these things only—the chlamys 
and the peplum, together with the military cloak, the cocked hat, 
the aword, and even the eternal scroll itself. Put the Prince on 
horssback, in the dress he wore amongst us, honestly and not 
conventionally treated. To do this the sculptor has a difficulty 
to overcome, and in overcoming it he will show his knowledge of 
his art. It may be done and has been done, and ought to be 
done again. To shirk the question of armour by indentin 
it upon a man’s skin, according to the tashion of poor Richa 
Cœur de Lion, shows the weakness of an artist. To meet 
it boldly, like Veroechio did with the magnificent Bartolomeo 
Colleonni, shows the art and wins the victory. To shirk the 
question of modern costume, and show the musclea through a 
garment such as no haman being ever showed or could show, 
may be a sad temptation to the sculptor bred upon the antique, 
and whose knowledge of art is limited to its classical develop- 
-ments; but the world says that the time has come when no 
further toleration shall be given to such trifling. The monu- 
ment should be bronze, because that bears London air incom- 
parably better than marble, and cannot be fractured.—I am, &c. 

London, May 20th. 1862. F.G.S. . 


a 
EEVIEWS. 

4 Manual of Civil Engineering. By W. J. Macquorn Rankine, 
C.E. LL.D., F.RS., &c.—London: Griffin, Bohn, & Co. 1862. 
(Second notice.) 

We have already (ante p. 90) briefly noticed this work, and 
mentioned the general scope of each of the three parts into which 
it is divided, reserving for the present occasion the discussion of 
ite details. i 

The First Part, treating of Field Work, is fall and explicit. 
Instructions are given as to surveying with the chain and offseta, 
plotting surveys and measuring areas. The formule used in 
trigonometrical surveys are next set forth, including as much 
spherical trigonometry as is needed for great surveys, with some 
serviceable approximations for practice. The theodolite with its 
use and all the adjustments, the sextant, and other instruments, 
are clearly explained ; as also all the details of triangulation, 
including the method followed in surveying mines. . 

A chapter is given to the spirit level, with its adjustments; 
the ordinary method of levelling; levelling by the theodolite, 
by the plane table, by the water level; and compating none by 
the barometer, or by observing the boiling point. Besides the 
common directions, corrections for the curvature of the earth and 
atmospheric refraction are introduced, with instructions as to 
the distances at which such corrections become necessary or 
appreciable. Prof. Rankine’s method of keeping the field-book 
is very precise, and in accordance with what is, we believe, 
usually taught in works on the subject; intermediate sights 
being entered twice, first as foresights, and then as backsighta. 
Experience does not however lead ua to recognise any practical 
advantage in this double entry, which, when tbe intermediate 
sights are numerous, gives a much greater mass of figures to 
cast up on completing the page. A good deal of ciphering 
is saved by entering nothing in the backsight column but 
actual backsights, except in the case of the last sight at the 
foot of a page being an intermediate sight, when it must of 
course be repeated as a backsight at the top of the following page. 
The foresights on “pivots” (as well as the last foresight in the page 
whether on a pivot or not) should be distinguished by inclosing 
them in eartouches. By adding these foresights only, and adding 
the figures in the backsight column, and subtracting oue sum 
from the other, the reduction of the levels may be completely and 
easily checked. 

In treating of Setting Out, our author gives, in addition to the 
more ordinary directions, instructions how to deal with the diffi- 
cult cases that frequently arise. It is right to state that the 
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elegant and, ready method of ink d out curves by the angle at 
the circumference, now so generally praotised, seems to have 
-— sage published by Prof. Rankine, in 1843. Chapters on 
ine Surveying, and on Copying and Reducing P con- 
clude the Firat | Part of the olan dn 
The Second Part of the work is devoted to Materials and 
Btructures, and in it the strength of materials and the principlea 
and details of construction are explained very fully, and in a 
lucid and satisfactory manner. Resolution of forces, the theory 
of couples, the finding of centres of gravity in various cases, 
friction, and angles of repose, are in the first place discussed, 
Triangular and other framework, suspension chains, and arches 
of various forms, are next examined. After giving the general 
formule for the Parabola and for the Common Catenary, a com- 
parison is made between the two curves by subetituting an 
infinite converging series for the definite equation of the catenary. 
The following are the reaulta:— 


“The ordinate is supposed to be measured from a point at the distance 
m below the vertex. 


x2, a zs 
Catenary; y=m [1 + — +." 4+ m 
Ordinate "ra »( uu E 
of the x 
Parabola; y=m (: 4 =) 
2m? 
l dy cx as x 
Slope of = , | tim t iz T1 
Parabola; dy- € 
dz "n 
Cainer Jus (t scs) 
Ava of |a; yame 6m* '120mi 


6m* 


x 
+ 
e [neis ftem (: +2 ) 


Catenary ; rea(1 te, uu + dc. ) 


of = Ld zt 
Parabola ; s=2(1 +5, tbo ) 


It is to be borne in mind that the quantity denoted by m in these 
formulæ is double of that denoted by m in Article 125. 
The following table exemplifies their results for the case r=m <> 3: 


Ordinate Area Length 

=mx Slope. = mex —zx 

Catenary ...... 1:0561 0:3395 1:0186 1:0186 
Parabola 1:0556 0:3333 1:0185 1:0182 
Difference ...  0'0005 0:0062 00001 0:0004 


In the foregoing extract, m represents the modulus of the 
catenary or half the parameter of the parabola, representing in 
each curve the proportion between the horizontal. tension and 
the horizontal rate of loading at the lowest point. The curves 
compared have therefore at the vertex the same ratio of tension 
to loading, and consequently the same curvature; and from this 
point of departure they begin to diverge very slowly, as is seen 
above. It oy. be interesting to compare these results with 
those where the span and rise is fixed, and the parabola and 
catenary determined accordingly. In such a case the curvatures 
at the vertex differ, and the two curves have three points in 
common. In another part of our present number an instance is 
given where the common rise is one-tenth of the common span, 
and the amount of the maximum difference is ascertained. This. 
will be found very much smaller than that which separates the 
two curves, starting (as in the preceding extract) with a common 
eurvature.* 

The “ Catenary of Uniform Strength" is also very close to the 
parabola, though not so close as the common catenary, which 
occupies an intermediate position between the two former curves. 

The very useful principle of the Transformation of the figures 
of equilibrium of Frames or Chains by means of Parallel Projec- 
tion is explained and applied. The transformation of the Cate-, 
nary by proportionate reduction of ordinates, so as to obtain 
curve for an arch, is an elegant instance, and also that of tthe 
distorted elliptic rib. " 

Ja the investigation refered to the lier ab and as ia m, by Prof. Rapki ag to 
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The hydrostatic aroh is ytically examined, and the follow- 
ing mechanical method of describing 1t is also given:— 
. “A mechanical mode of drawing a hydrostatic arch is based on the 
fact, that ita figure is identical with one of the '' elastic curves” or forma 
assumed by an uniformly stiff spring when bent. 
- The accuracy of figure and uniformity of stiffness of a spring are to 
be ascertained by the two following testa: — 

First, the spring when unstrained should be exactly straight. 

aben bent into a hoop by pinching the two ends together, 


A spring A (Fig. 118), fulfilling these conditions, is to have its ends 
fixed to two bars at B and D, and the other ends of those bars, C and 


E, are to be pulled directly asunder. Then the straight line CE, in 
Fie, 118. 


B D 
which the forces so pulling the bars are exerted, will represent the upper 
surface of the loading material, and the spring A will assume the figure 
of the corresponding hydrostatic arch. Any proportion of rise to span 
can be obtained by ing the tension on the ends of the bars, and the 
proportion which their lengths bear to the length of the spring.” 


The mathematical principles of arches generally are 2 dis- 
cussed, not omitting the usual laborious tentative methods for 
determining the Points and Angles of Rupture. 

On the Strength of Materiale the Transverse and Shearing 
Strains, Section, and Deflection of Beams, the process of design- 
ing them, and kindred topics, our author treats fully, and with 
his usual clearness and method. 

The complex question of the Arched Rib (or Arch Girder) is 
fairly finisa seil Y and treated in a manner that shows a full 
appreciation of the natnre of this delicate problem. The cognate 

roblems of the Suspended Girder and the Tension Rib having 

n discussed at some length in this Journal, and the results of 
a rigorous analysis (though not all the steps) presented to our 

ers, we quote with interest the process which Prof. Rankine 
has followed in his independent investigation. 


** 180. Strength and Stiffness of an Arched Rib under vertical loads. 


Fig. 152 represents an arched rib, springing from a pair of abutments, 
and supposed to be under a vertical load. t B A C D B’ be a curve 


traversing the centres of gravity of all the cross-sections of the rib; this 
may be called the neutral curve; and it represente the figure of a '' linear 
arch,” or indefinitely thin rib, whose conditions of equilibrium are: the 
same with those of the actual arch. 
When a vertical load is distributed over the arch, agreeably to the 
conditions of equilibrium of the neutral curve, each particle of the arch 
Fie. 162. 


is compressed, in a direction parallel to a tangent at the n point 
of the neutral curve; and but for the circumstance to be stated pre- 
sently, that compression would be uniform throughout each cross-section 
of the rib, so that the neutral curve would be the “line of resistance." 
Bat the compression depresses the whole arch, so that the neutral 
curve assumes some new figure, such as Ba c d B', in which its curva- 


ture at each point differs from the original curvature; and hence, even ^. 
uilibrated or linear arch, there is a 


under a load distributed as for an 
bending action combined with the di compression, When the dis- 
tribution of the load differs from that suited to the neutral curve asa 
linear arch, the bending action varies in ita amount and distribution. 

In either case the arch acta in the double capacity of a rib under direct 
compression, and a beam under a transverse load; and ite strain and 
stress at each point are the resultants of the strains and stresses arising 
from the directly compressive action of the load, and from its bending 

PmosLEw Fimst. General Case.— In solving problems which relate 
to this subject, it is in general most convenient to measure co-ordinates 
from a point such as O, in the same vertical line with one end B, of the 
neutral curve. 

C being any point in the curve, let 
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z = O E be its horizontal distance from O; 
y = E C ita vertical depth below O; 


Let 1 = B B’ be the span of the neutral curve, and k its rise. 
Let w be the whole intensity of the vertical load, whether constant or 
variable, in lbs. per inch of horizontal distance, so that 


fede i bo whole lod on the arch 
9 


The load w d z on each small portion of the arch may be conceived to 
consist of two parta, 

to, d x, producing direct compression alone, being distributed acéord- 
ing to the laws of the equilibrium of a linear arch, —that is, 
in such a manner that w,— 3 (H being the still undetermined hori- 
zontal thrust of the arch), and E 

(e—e de ( — 852) de 3s ae: «10H 

producing bending. 

Having formed the preceding expression, by putting for w and a 


their proper values, proceed as follows:—The vertical component of the 
shearing force at any point such as C is 


s dy dy, 

=F,— ———- . (2 

rE wie H (3 26 is. ced) 
F, being the still undetermined vertical component of the shearing force 

d » 
at B, and e the slope of the neutral curve at that point. 
o 
The bending moment at C is / 


Mc Mf Fas Mgr f VA eg e 6) 


H (v—7 TE) » 


M being the still undetermined bending moment at B. 

Fhe alteration of curvature REA. in the neutral ae wares gs 
bending action is — M — 3 negative si i 

denote that downward curatare la to be conskdéted aa nentlive: and the 
alteration of alope is expressed as fallows:— 


MP 
i2 sf, EI f+ th .. (4) 


i, being the still undetermined alteration of the slope at B. 
The vertical deflection at C is expressed thus,— 


æ 
v= fiaz sug (5.) 
0 


The bending action of the load is thus expressed by the four equations, 
2, 3, 4, 5, containing four indeterminate constants H, F, M, i, If, 
in each of those equations, r be made = 4, ie gn are obtained 
applicable to the further end of the span, B’. ese 
be denoted by F, M, 4,, 0}. 

Let d s = CD = y dz? +d y? denote the length of an indefinitely 
short arc of the neutral curve. That arc is not altered in length by the 
bending action of the load; but it is altered by the direct compression in 
the proportion given by the following equation:— 


expressions may 


az e ase .. (8) 


in which A denotes the sectional area of the rib at C, and the negative 
sign indicates compression, 

To find the combined effect of the bending action and the compressive 
action on the figure of the neutral curve, proceed as follows: 

Let u denote the positive horizontal displacement of a point in it, such 
as C. For example, C D being the original position of an indefinitely 
short arc, and c d its altered position, let 

OE=z; OF=2+4d2; 
EC=y; FD-y-rdy 

CDzds:y 

Ofs=xtutadzxztdy; - 
Sd=ytoutayt+ay; 
ed=ds+dt. 
Then from the two equstions, 
ds -dz$-LFdyN 
(da+at'=dz+du'+ y+ de); 


Oe=z+4u; 
ec=y to; 
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The following is deduced:— 
2ds.dt-- di Z2dz.dw-Edu*--2dy:de-r det; 
and from this the terms d t, d u?, d v?, may be rejected, as inappre- 
ciably small compared with the other terms, reducing it to the following:— 
de:dt—2dz:du-rdy:dy 
whence is obtained the following expression for the horizontal displace- 
ment of D relatively to C:— 


dux 5. dt — 3, dv Bee nes . (0 


ds? dy? 
For dt put ite value according to equation 6, and make da lt 


and dv= idx; then 


H dy? ,dy 
duwz—. HH. 14 Jide iade (14) 
which, being integrated, gives for the horizontal displacement of C rela- 
tively to B and in a direction away from it, 


ee (EU Ee = 


an e ion containing the same four indeterminate constante that 
rolg iieri been mentioned; and if z be made = J, there is obtained 
the alteration of the span B B’, which may be denoted by u,. g 
If the abutmenta are absolutely immovable, u, = 0. If they yield, 
*, may be fonnd by experiment. Hence, as a first equation of condition 
for finding the indeterminate constanta, we have : 
u, = 0, or a given quantity iss .. (9) 
A second equation of condition expresses the immobility in a vertical 
direction of B’, the further end of the rib, and is as follows: — 
v, —-0 (10) 
'The ends of the arched rib are either fixed or not fixed in direction. 
In the former case, $, = 0; and in the latter, M, = 0; so that in either 
case, the number of indeterminate constants is reduced to three. One 
more equation of condition is therefore required; and it is one or other 
of the following:— 
If the ends are fixed in direction, $, — 0 ... (11) 
If they are not fixed in direction, M, — 0 ... (114) 
The values of the three constants being found by elimination from the 
three equations of condition, are to be introduced into the expressions 
for the moment of flexure (8) and the deflection (5), which will now 
become formulm for calculation. 
If thrust be treated as positive, and tension as negative, the greatest 
amd of stress at any given cross-section is to be computed by the 
form f 


HË Mw 
= dz Mm 2) 
p= EET 12) 


the positive or negative sign being used as the moment M 
acs towards or from the edge of the rib under consideration, whose 
distance from the neutral curve is m' h. 

From the expression 12 may be deduced the poeition of the point 
where the stress is greatest for a given arrangement of load, the arrange- 
ment of load which makes that stress an absolute maximum, and the 
corresponding value of the strees. 

The vertical deviation of the line of resistance from the neutral curve 
at any point is given by the expression 


M+H; .. (18) 
and its perpendicular or normal deviation by the expression 
as 
M--H — 
>H (14) 


and these deviations take place in the direction towards which M acta. 
When the deflection is found by direct experiment, the following 
formula may he used to compute the greatest stress from it:— 


ds 
_H d; , Emh 
B= toaus 


—4 y (15) 

The preceding is à general method, applicable to all cases in which 
the load is vertical." 

In the preceding extract we are glad to recognise the same 
principles that guided our own investigation—the only principles 
on which an accurate solution of either problem is possible. 

If space permit we may be tempted to return to this volume, 
which contains a large mass of information well arranged, and 
bears the marks of digested study and original thought. 
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CHEMISTRY AS REPRESENTED IN THE INTER- 
NATIONAL EXHIBITION, 1862. 

The great importance of this branch of acience, viewed as an 
auxiliary to every other, beside its immense value when taken in 
the abstract, cannot but claim for it the notice of every journalist. 
We need not retrace our progress to a very far distant date in 
order to arrive at the period when our continental neighbours, 
more especially the French, produced unquestionably the finest 
chemical, as well as the purest pharmaceutical preparations of 
the day. Hot and strong has been the contest for the palm 
during each succeeding year since the Exhibition of 1851, and in 
fairness it must be itted on all sides that we cannot yield 
our laurels to any other country, and may indeed say, without 
Deco our national modesty, that we carry the palm our- 

ves. 

No legislative fiat can so thoroughly remove a nuisance 
arising from the exhalation of noxious vapours as the dis 
covery of the fact, that such exhalations consist of products 
that may be collected to the advantage and prod of the par- 
ties in whose premises they are eliminated; and again, no sooner 
does a legislative interference compel our manufacturers to 
collect any deleterious product that has usually found its way 
into our streamlets and brooks, than the question is seriously 
discuased, how shall an utilization of these mischievous products 
lessen the expense to the manufacturers of the removal of the 
incubus; and often has chemistry found a use at a tempting price 
for such a debris, which debris has at last grown to be a commercial 
necessity, and abe its place in the important category of demand 
and supply. Indeed, the marvels that chemistry has wrought in 
the utilization of these objectionable and poisonous substances 
prover at every step of their development that nothing useless 
exista in creation, and that it largely rests with man to subdue 
and appropriate all elements to his service and the universal 
of mankind. Architecture is, and will yet be more, largely indebted 
to the science of chemistry for the removal from the atmoephere 
of towns those destructive elements that are so fatal to itec- 
tural beauty. Certainly it might with an apparent show of justice 
be said that chemistry began the mischief, but we thiuk the more 
correct judgment on the matter would be that the imperfect 
knowledge of that science, and the halting in the pathway of 
nga chemistry has caused this perversion of the facta of the 
case. The trophy in Class 2 is at once a support to our argument, 
the ammonia alum forming the principle mass in this trophy has 
for ita alkaline constitnent the ammoniacal products of the gas- 
works; and is it not a matter for deep regret that for so long a 

riod this valuable alkali was set free to combine in noxious 
orms with other substances in our atmosphere, whilst we were 
collecting camels’ dung in foreign climes for the manufacture of 
our chloride of ammonium and other forms of this highly volatile 
and useful substance. Not only is the science of chemistry proving 
itself in & high degree beneficial in removing causes of destruction 
to our buildings, but every age finds it rendering essential service 
in the improvement of the materials of building construction. 
Our wood is now preserved most effectually,—our iron has 
reached an almost incredible degree of perfection in its manu- 
facture, in its tensile strength, and indeed in all its other 
characteristics. Our cements are obtainable of extraordinary 
fineness and durability. Our lime is more carefully chosen in 
its material, and more skilfully prepared. Our bricks, whether 
containing more or less silica or alumina, are compounded, 
manufactured and burned so as to insure a much greater crash- 
ing resistance, compactness, and durability, than ever they 
before attained. And stone, that paradox, being at one and 
the same time the emblem of strength and durability, whilst 
before our eyes it displays the greatest amount of perish- 
ability,—may now be impregnated with a material nothing more 
or less than glass, (technically termed silicate of alumina); which, 
from sound reasoning, may have been, the means adopted of 
hardening many of those almost imperishable records of tbe 
ancients; and nothing is more likely than that the discovery of 
this extraordinary subatance, and its peculiar manipulative ad- 
vantages, will lead to the successful adoption of an external 
decoration in stereochromy, so long deemed a desideratum. 

Having thus introduced the branch of science so completely 
represented in Class 2, we hastily note a few of the objects and 
productions most worthy of attention, though it cannot be ex- 
pected but that we must from our limited space omit mention 
of many objects exceedingly worthy of a most careful investiga- 
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tlon. We have introduced the trophy, but much finer specimens 
are to be seen in the clasa, of the most of its constituents; we 
mention, rm only the latest oi rir pri Oe new ab, 
stance Thallium, belonging, we suppose, to the orming a li 
between the metallic and mineral kingdoms. This en AHRR 
has been discovered by the aid of the spectrum analysis of 
Mr. Crookes. The soda alkalies are superbly represented in all 
the beanty of their crystalline forms by our manufacturers, and 
certainly are unmatched for their great purity and lowness of 
ice. The sulphates of copper and iron are also exceedingly 

e; and our valuable and utiful product, ferro and ferrid 
cyanide of potassium, which give birth to so many useful, beau- 
tifal, and even deadly poisonous productions, are to be seen in 
all their magnificence as the production of the Hurlet and Cam- 
pin Alum Company; and the bi-chomate of potash, parent of all 
Sons and sister of our brilliant magenta, is shown in very 

e B. 

‘All the before-mentioned strike the visitor at once from their 
size; but of course the acetate of rosaline, the queen of the coal 
tar producta, is one of the most novel, as well as one of the most 
charming, productions in the class: in fact, we have in it a 
chamelion crystal, which in solution forms the magenta colour. 
If we dip a feather therein we have all the gorgeous effect 
seen in the plumage of birds of tropical climes. The crowns 
exhibited by Messrs, Simpson, Maule and Co. we are informed, 
were crystalised in a bath of materia! no less than £1500 in 
value. We must not forget however that Mr. Perkins was 
the firat to discover the application of aniline to the process 
of dyeing. Under that able chemist, Dr. Hoffmann, he learned 
the properties of the aniline, and from him also the fact of ita 
being o tainable from coal tar. A valuable mass of aniline, as 
also its product, are to be seen in Mr. Perkins’ case in the Exhi- 
bition, whose mauve and purple have suggested the substitution 
of other enta for bi-chromate of potash; bi-chloride of mer- 

, producing magenta; bi-bromide of tin, fuschiacine; nitric. 
add. ozaleine; arsenic acid, purple and reds; bi-oxide of lead, 
roseine; manganese salts, pinks and reds. Such resulte, then, 
has chernistry produced from oil of tar, and we must not forget 
that analine is but one of eleven bases obtained from that 
noxious su ce. : 

Aluminium is exhibited in bulk by Bell Brothers, of New- 
castle, who also exhihit fine specimens of sodium, the novelty of 
which consista in its introduction into the market at an extra- 
ordinarily low price, placing it in the SMagoer of available 
metals. We have also a new production (of which we have 
before spoken), by Bartlett Brothers, of Camden-town, consisting 
of specimens of silicate of alumina, produced from the union of 
silica and alumina in an alkaline menstruum. Here we have 
solved the grand question, with regard to the silicates, how shall 
they be rendered insoluble and yet applied in aliquid state. This 
discovery reveals the fact that such combination of silica with 
alumina remains in a liquid form for & certain and controllable 
length of time, and tben the re-agent alumina, combines with 
the silica, forming & glassy product insoluble in hot or cold 
water, or even in dilute acide. These results are all exhibited, 
with the application of the solution to stone for the purposes of ita 
preservation, as also to powdered waste atone, showing its power 
of combining those materials without heat; these manufacturers 
also exhibit fiue specimens of the silicates and aluminates of 
soda and potash. 

Oxalic acid from sawdust is exhibited by Robert Dale and Co. 
Rumney has liberally prepared specimens of the new dyes, and 
their application to fabrics since 1851. All the dyes—indigo, 
lichen, madder, garancine, meurexide, are well represented by 
both scientific men and manufacturers. The fine and rare chemi- 
cals are of course most interesting to the professional man, but 
there is much to admire in the collection of iodides and iodine 
pnus lithia and nickel salts. Messrs. Hopkin and Williams 

ve some exceedingly fine preparations in both chemical and 
pharmaceutical products. Starch is exhibited of exceedingly fine 
quality, by the jen firms so well known as producers of this 
article. e Pharmaceutical Society have a splendid collection 
of drugs (in a case displaying most excellent taste); Hanbury, 
Dickinson, Watts, Usher, Holland, and Brastick are not behind- 
hand in the same products. Artists’ colourmen of long atanding 
and renown have shown a spirit of emulation worthy of the 
object to which they have devoted their energies, and their com- 
plete success is apparent in the contents of their several cases, 
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and the unique arrangement of their dazzling products. M'Far- 
lane and Co. exhibit a fine mass of crystals of codeine, said to be 
worth £200. Mr. F. O. Ward shows in his case exponents of his 
proposed mode of extracting potash from the mineral felspar, 
which contains a large percentage of pure alkali. This product 
will never revolutionise the alkali manufacture so long as the 

resent sources hold , but when they fail it is by no means a 
fad idea that the rocks and hills shall supply the desiderata. A 
mode of separating woollen from vegetable fibre is also illustrated 
by the same exhibitor; wool succumbing to heat sooner than cot- 
ton; the one is destroyed by superheated steam, whilst the other 
is manufactured into paper. The preparations from opium are 
exceedingly fine, with other preparations and products, revealing 
an amount of p of an almost incalculable extent in the 
interval between 1851 and the present time. 

Nor should we leave this class, with its important exponents 
of this invaluable science, without a word on the energy and 
care displayed by the superintendent, Mr. Charles Quin, and 
his assistant, Mr. Thomas, who, under t disadvantges 
attendant on the annexe in a structural point of view, and its 
having been a gangway for heavy goods until the latest moment, 
have reduced what at at one time ap to be a peres 
unmanageable mass, to & court of order, displaying no 
amount of taste in its arragement. 


— —— 


LENDAL BRIDGE, YORK. 
(With Engravings.) 

In this Journal for June last descriptions and drawin 
given of the bridge then being erected at York. The r 
which attended the placing of the large road-girders, and which 
caused the whole of the ironwork of the bridge to fall into the 
river, will be in the recollection of our readers. The cause of 
that accident is even now a disputed point; the engineer was not 
in any way responsible in the matter, as it devolved upon the 
contractors to place the girders in poeition. 

The complete wreck caused by this disaster, leaving only the 
abutments uninjured, afforded an opportunity for the reconside- 
ration of the general design of the ridge; and it was eventually 
determined, by the Corporation of York, to adopt a more orna- 
mental design. 

Under these circumstances, Mr..Page, C.E, was asked to 
furnish drawings, and the result is the erection of the bridge 
now in progress; illustrations of which accompany this notice. 

The design consists of a Tudor arch of cast-iron, 175 feet epan, 


25 feet rise, shown in Plates 13 and 14, where Fig. 1 represente 
a half elevation of the bridge: E n section at the 


were 


centre: Fig. 3 a transverse section ge at 0, 0, on internal 
rib: and Fig. 4 a half longitudinal on of bridge, showing one 
of the internal ribs, with details. The apandrils are. filled with 
open Gothic tracery, the Pune openings being charged with 
shields bearing the arms of the see of York. The interior spandrils 
are filled with an iron-plate pierced to correspond in pattern with 
the external Gothic MUR The parapo consists of quatrefoil 
openings. The springing-line of the new bridge is at the ordinary 
summer level of the river. The six longitudinal ribs are entirely of 
cast-iron, and are 3 feet deep at the crown, increasing towards the 
abutments, These ribs are stiffened by cross-beams varying in 
depth from 2 ft. 10 in. at the crown to 3 ft. 9 in. as they approach 
the abutments. A bed has been cut in the brickwork for the 
reception of the skew-backs against which the ribs abut; the 
skew-backe resting upon granite slabs 18 inches thick. 

A covering of corrugated plates resta upon the bottom flange 
of iron-jointa, placed longitudinally upon the transverse girders; 
the corrugated platea for the carriage-way are B-inch thick, and 
for the footway 2-inch thick. 

The carriage-way is formed of a layer of concrete 3 inches 
thick, consisting of cork and bitumen, placed immediately upon 
the corrugated plates; upon this is a layer of concrete, formed of 
Portland cement and gravel; and upon the latter is placed the 
granite paving. The footpaths consist of a layer of concrete 6 
inches thick, covered with 3 inch York paving. 

The uninjured abutments are retained, with the addition of 
concrete backing to provide for the thrust brought upon them by 
the substitution of:an arch for a girder. 

Ths estimated quantities for the new bridge are— 
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156 
: f. p Tous. Gwh Qr. 
Cast-iron E ea — i 239 0 0 
Wroughtiron ... ne nn ope 69 1 1 
308 1 1 
Roadway 224 15 0 
532 16 1 


The contract for the provision and erection of the cast-iron is 
£3426. The bridge is being erected under the superintendencé 
of Mr. Page, CE Messrs. Hawks, Crawshaw, and Sons, of 
Gateshead, are the contractors. 


—,9———— 


THE MIDDLE LEVEL SLUICE. 


Twenty years have elapsed since the low-lyi E flats of the 
Middle Level have been exposed to so formidable an invasion 
of their old enemy as was heralded by the blowing up of. the 
great sluice on the 4th of last month. Won by the slow and 
persistent efforts of many generations from the ancient dominion 
of the waters, the meres and fens, which were once the debateable 
district of the tides of the German Ocean and the rivers carryin 
the water-shed of six counties, have gradually been Converta 
inta some of the finest arable and grazing lands of England.* 

The partial and isolated works of the churchmen holding the 
higher lands had prior to the Reformation reclaimed considerable 
districts. But it was reserved to the skill and enterprise of a 
Dutch engineer (Sir Cornelius Vermuyden) to devise and carry 
out, under the auspices of the Earla of Bedford, a comprehensive 
scheme for draining the entire level. This work, successively 
encouraged by James I. and Charles L, and interrupted by local 
prejudice and discontent (fomented at the outbreak of the Great 
Civil War), was completed under the Commonwealth. The main 
feature of the plan was the cutting a straight drain (the Old Bed- 
ford River) from Earith to Denver, carrying the waters of both 
Quzes, the Cam, and three other rivers, towards Lynn Harbour, 
and discharging them at Denver through a eelf-acting sluice con- 
structed to exclude the flood tide. Much however ye remained, 
to be done before the whole of the district could be effectually 
reclaimed and secured from the occasional floods of the inland 
waters, for which the outfall provided was inadequate, and which 
had to be in great measure kept under by pois by windmill 

Subsequently it was found that Lynn Harbour was being silted 
up, which was attributed to the stoppage of the tidal water by 
Denver sluice; and in the midst of contentions on this subject 
Denver aluice blew up in 1713, and was not again constructed 
until 1748-50. 

The conflict of local interests appears to have afterwards so in- 
terfered with the proper conduct and maintenance of the drainage, 
that when the late Mr. Renuie was called in, about fifty years ago, 
some districta of the Fens were fast relapsing into their old condi- 
tion. Mr. Rennie’s plan was a grand and simple one. He devised 
a system of intercepting catch-water drains to carry off the upland 
waters, and straight cuts for the outfall of those of the bottom 
level. But only one part of the scheme was then adopted, viz., 
the construction (commenced in 1817) of the Eau Brink Cut, by 
which the outfall of the Ouze near Lynn was shortened by two 
miles, and an extra fall of not less than five and a half feet during 
the ebo consequently obtained at St. German's. Thus the dis- 
charge of the inland waters of the Middle and South levels was 
for the first time effected with anything like adequacy. Nothing 
further was done for twenty years, when the disastrous floods of 
1841 again compelled immediate action. Mr. Walker was con- 
sulted, aud a portion of his scheme carried out. This consisted 
in the construction of the Middle Level Drain (or Walker's Cut), 
by which the waters flowing successively through the channel of 
the Old Nene above Ramsey Mere, the Forty Foot Cut to Chat- 
teris, and the Sixteen Foot Cut towards Well Creek, were carried 
direct into the Ouze. They were discharged into this stream at 
St. German’s (about three miles above Lynn) by the Middle 
Level Sluice, which has so recently been destroyed, and which 
was constructed in 1847. 

This sluice was built in three arches, each of 20 feet span,with 
self-acting tidal valves of oak. The masonry was subetantial, 
and the wing walls of ample size. The whole was ultimately 


* "Those who wish to study the interesting history of the Cirest Level may refer to 
2 iobb's * Historical Ascon 


Well's ' History of the Bedford Level.’ int of the Great 
mel of the Fena’ Baderlade's ‘ History of King’s Lynn’; and Smiles’ ‘ Lives of the 
gineers, 
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supported on piling driven deep, the cill of the sluice being fixed 
at 6 feet below the low-water mark at “Free Bridge,” to allow for 
the ual deepening of the bed of the Ouze. 

ow far the present misfortune is attributable to the treacherous 
nature of the bottom, how far to the lowering of the bed of the 
Ouze, or whether it may in any degree bave been accelerated by 
the deepening of the Middle Level Drain, which was etfected in 
1857, it would be perhape premature to inquire. Several leading 
engineers have visited the spot, some of whom have been con- 
sulted; and it cannot be doubted that a matter so full of interest 
and instruction in this important department of professional 
science will be fally and competently discussed. A gap, at first 
sight trifling, inside the eastern bank of the drain, which was 
soon made good with clay, was followed in a few weeks by a 
settlement of the whole bank. Great exertions were made to 
stop the leak which ensued; but, notwithstanding all that could 
be doue, the backing of the south-eastern wing was sapped; and 
at about 10 p.m. on Sunday, 4th of May, the eastern wings and 
the two adjacent arches suddeuly fell over, allowing the tide in 
the Ouze (which had then from 10 to 15 feet head) to rush over 
the ruins into the Middle Level Drain. Fortunately this occurred 
at neap tides, or the flood might have overflowed the banks of 
the drain and laid the levels under water without the inhabitants 
having any warning or time to save their property. The danger 
more immediately to be apprend was the giving way of the 
banks of the drain under the great pressure of the tidal stream 
rushing in through a gap, which had increased on the Monday to 
& width of 120 feet, with a depth of 20 feet, and meeting the 
inland waters. 

An attempt was made to dam the outfall at a point higher 
up the stream by means of bags of clay, some clay being even 
used without bags, and of course washed away immediately, and 
some sunk in lighters, of which the fate may be readily ; 
This work, after going on for about a week, was abandoned, and 
all vestiges of the dam went to sea. 

On the morning ef Monday the 12th of May, the rising tide 
effected a breach in the west bank of the drain. This was promptly 
made good by piling sacks of eartb, with clay between. 

At the same time a second breach occurred, also in the west 
bank, and about a mile higher up. It is deeply to be regretted 
that this was neglected, and nothing attempted in the way of 
stemming the tide, which flowed in a torrent down the bank, and 
laid the adjacent country under water. The breach increased 
with each returning tide; and on Wednesday, the 14th, measured 
upwards of 70 yards in length; and Marshland Fen, Broad Fen, 
and parts of the neighbouring fens, comprising several thousand 
acres, were already drowned by the'salt water. 

The attempt to form an earth dum having been for the time 
abandoned, it was decided to pile on both sides of St. Mary's 
Bridge (about balf a mile above the junction with the oe 
taking advantage of the bridge as a platform for placing the pile 
engines, and filling in the space between the two rows of piles, 
so as to form a dam as thick as the bridge was broad. 

This very feasible plan appears to have failed mainly through the 
want of a sufficient number of pile engines to carry forward the 
work with the necessary despatch. Mr. James Walker's remarks on 
this matter at the Court of Sewers at Lynn (reported in a well- 
informed local paper*) were so practical, and so fully borne out by 
the event, that we quote them. 

“Mr. Jas. WALKER said that having had a little experience at that sort 
of work, he saw that mey had been working from last Sunday week (4th 
May) until now (14th id.) at one dam. ey had now abandoned that 
dam and if had all gone to sea; and being down at the work yesterday, 
he saw they had four pile engines to drive these piles. Instead of those 
four they wanted twenty or thirty. If pile engines had been set as thick 
as they could be upon that bridge, each engine driving a pile an hour,’ 
would not have more than five piles to drive to complete that dam. 
That would have done something. But everybody knew that as I 
began to curtail the water it went more sharply; and with these four 
engines (and if doubled to eight or ten it would have the same effect.) i$ 
would scour down; and before to-morrow night tbat bri would be in 
the river with the other. Nothing on earth could stop it, but speed. If 
they wished to stop it they had better leave these engines standing still 
(because every pile they drove would do damage), and get twenty or 

irty engines before they struck one blow. In five hours then the dam 
could be stopped. 

Mr. Bagar asked whether that bridge would stand the thumping of 
twelve of those engines at the same time. 


^ 'The Lynn Advertiser.’ 
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Mr. WALKER said it would. 

Mr. Jackson was afraid they could hardly work together. The space 
waa 80 confined. ; 

Mr. WALEER said be had gone on it, and measured it with his eye. 
He would put the engines as thick as they could stand, and have the 
whole working together, and the bridge underneath filled with bags of 
day. He would be bound it would then stand a 15 feet tide on one side. 
There might be some soakage, but that would be trifling. There was no 
other way than that in which it could possibly be done. Throwing earth 
in and sinking boata was like nothing. Piling was the only thing, and 
the bridge was the platform for it.” ; 


On the follewing morning (15th May) the piling at St. Mary's 
Bridge was carried away as predicted, aud with it the pile- 
engines, and the platform of the bridge itself. Northerly winds 
had caused a high flood-tide (although some tides pus the springs), 
and the drifting of a barge which had broken loose against the 
outer (or down-stream) row of piles occasioned the complete 
destruction of the whole. 

The efforts to form a barrier aginst the tide were, however, 
not relaxed. The Commissioners of the Middle Level Drainage 
gave Mr. Hawkshaw full authority for carrying out the necessary 
works. And although at first some time appears to have been 
unavoidably consumed in collecting a proper staff and suitable 
materials, that gentleman reported to the Commissioners on the 
20th May that everything that human agency could do in the 
matter was being done. The original earth-dam was being pushed 
forward as fast as possible, having due regard to its security; and 
to guard against the contingency of its failure a cofferdam was 
being constructed below St. ys Bridge. Itisto be hoped that 
these preparations will prove effectual in stemming the coming 
spring tides, so as to avert the danger of a more extensive inun- 
dation from the sea, and enable the making up of the great gap 
in the west, bank of the drain to be undertaken with a reasonable 
prospect of success. 

At the same time it is impossible to forget that when the tide 
shall have been successfully excluded, the principal work will yet 
remaiu to be undertaken. Such an emergency as the present 
allows barely time for the construction of a “dead” dam, which 
will of course keep in the inland waters as effectually as it kee 
out the flood tide. There will consequeutly be a stoppage of the 
drainage of 150,000 acres in the Middle Level until the recon- 
struction ofa tidal sluice for the outfall, or the provision of suffi- 
cient engine-power to throw out the water. At such a juncture, 
the benefit of a catch-water system would have proved incal- 
culable; as the upland drainage, being intercepted, might 
have been discharged by a separate outlet, instead of swelling 
the mass of waters behind the dam. There can be little doubt 
that Mr. Rennie's plan, if carried out in its integrity, would 
have afforded the best safeguard against the dangers that now 
threaten the district. The construction of the Middle Level 
Drain effected a marked improvement in the drainage, and 
most of the pumping engines were accordingly iae. E But 
the security since entertained has after all proved deceptive, on 
&ccount of the main drainage of the entire district depending 
on a single outlet. 


—— —Áá———— 


Protection of Inventions at the International Exhibition 1862.— 
An act of Parliament has been recently passed for the protection 
of inventions and designe exhibited at the International Exhibition 
1862, to be kuown as “ The Protection of Inventions and Designs 
Amendment Act, 1862," by which it is enacted that “the exhibi- 
tion of any new invention at the said International Exhibition 
shall not, nor shall the publication, during the period of the 
holding of such exhibition, of any description of such invention, 
nor shail the user of such invention, under the direction of the 
said co.nmissioners, prejudice the rent of any person to register 
provisionally such invention, or invalidate any letters patent that 
may be granted for such invention" It is further provided for 
the protection of designs that “ the exhibition at the International 
Exhibition of any new design capable of being registered provi- 
sionally under the Designs Act, 1850, or of any article to which 
such design is applied, shall not, nor shall the publication during 
the period of the as of such Exhibition of any description of 
such design, prejudice the right of any person to register provi- 
sionally or otherwise such design, or invalidate any provisional 
or other registration that may be granted for such design.” 
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The Chapter House, Westminster Abbey.— We are glad. to be able 
to atate that effort is about to be made for the purpose of restoring 
the ancient Chapter House at Weatminster. An influential meet- 
ing, convened by the Dean and Chapter, was held within the 
building on the 24th ult, Lord Ashburton presiding. Mr. G. 
G. Scott pointed out the features of the building. He said 
that he found the building had been finished in the year 
1953. At that period this was the finest specimen of octagonal 
chapter-houses, That of Lincoln was as large, but not so good; 
that of Salisbury built twenty years later. Its size was the same 
as those of Lincoln and Salisbury. The windows were of stained 
glass, and the roof vaulted, with a central column of Purbeck 
marble still remaining. He had occupied several months in tracing 
out the whole of the building, and from that investigation he 
thought it possible to restore every portion of the design with the 
most perfect certainty. The only window which had been thoroughly 
destroyed was that over the dcarway, which must have been of a 
different design. The decorations with which the walls had been 
covered were in the most beautiful style of art. The paintin 
were not quite coeval with the building, being painted in the 
beginning of the fourteenth century—balf a century later than 
the building itself. There was nothing in this country equal to 
those that remained, and they were nearly, if not fully, as fine as 
the Italian paintings of the same period. The first represented 
Our Lord, as if after the crucifixion, surrounded by angels. The 
side compartments were entirely composed of groups of angels, 
there being one large figure in each group, on the feathers of 
whose wings were inscribed the principal virtues. Those happily 
remained perfect. The floor presented the very finest specimen 
of encaustic tiles. The exact sections of the ribs of the vaults 
were discoverable, so that the whole of the structure and the size 
of the windows were a matter of certainty, and, though in a 
mutilated form, there were all the paintings and decorations. 
The following resolutions were passed:—‘That this meeting 
views with regret the ruinous condition of a building so rich in 
historical interest and in architectural beauty as the Chapter- 
house at Westminster" “That this meeting is impressed with 
the desirableness of bringing the question of the restoration of 
the Chapter-house under the consideration of Her Majesty’s 
Government.” A committee consisting of the Duke of Buccleuch, 
Lord Ashburton, Lord Stratford de Redcliffe, Bishop of Oxford, 
Lord Taunton, Lord Stanhope, Mr. Monckton Milnes, M.P., 
Mr. Akroyd, Mr. Dasent, Mr. Tite, M.P., Mr. Reeve, Mr. Beres- 
ford Hope, Mr. Cochrane, M.P., Mr. Sala, and the Dean of 
Westminster, was then appointed “to wait upon the Chancellor 
of the Exchequer, and otherwise to promote the object of the 
meeting.” 

Drainage and Paving of Odessa.—Mr. George Furness, the 
contractor for the great outfall works at Plaistow in connection 
with the Metropolitan Railway, has contracted to pave and 
drain Odessa. The cost is estimated at £800,000. The contract 
was negotiated by Mr. Bayliss, C.E. 

Single Shuft Collieries.—A return to the House of Commons 
recently published contains copies of the replies of the inspectors 
of mines to a circular letter, addressed to them by the Home 
Secretary, on the subject of shafts. The reply of Mr. Dickinson, 
dated from Manchester, on the 28th of February last, embraces 
information respecting the single or bratticed shafts at seventeen 
collieries and mines in the Manchester district. In point of 
numbers, the single-shaft collieries form a small percentage of 
the whole. There are at work in this district 348 pumping and 
winding shafts, 6 entrances by engine planea, 66 entrances by 
levels, 198 air and ladder pita, and 46 shafts which are being 
sank, making a total of 664 openings from the surface at present 
in use. Deducting from these the 16 single or bratticed shafts, 
and the 46 sinking shafts, making 62 together, there remain 602 
entrances which are not single or bratticed. The production of 
coal in the district is at the rate of 6,379,500 tons per annum, of 
which 6,280,500 tons are steam and house coal, and 99,000 tons 
cannel coal. Of this total quantity about 240,000 tona per annum 
are raised from the single or bratticed shafts. Mr. Dickinson 
stated his opinion that it must be enacted, first, that every coal 
and iron-stone working should in future be provided with proper 
means of egress for persons, by two distinct ahafts or outlets, 
separated from each other by a secure division of natural strata; 
secondly, that in case of any working previoualy in operation, 
which was not so provided with two distinct outlets, the work: 
ing might be continued, provided the means were being oarried 
on with due diligence to make the second outlet; thirdly, that 
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for the of exploring or proving ground, or connecting 3299 Byrne. J.— Soutching machines- November 8 fra 
two or more distinct means of egress, or working a small tract of 3882 Cham ' B. L'W. and Chambers, J.—Looms for weaving —Norember 16 
coal or ironstone, a single or bratticed entrance might be used, 2894 Peston, V, C... Aparatos for falabing (om) Nor, M 
rovided that not more than ten persons should be allowed to be — ;95 ce W. Pi Nas and oiber maioria 
low ground at the same time; and, fourthly, that after the 8087 Stead, l.—spinning machines— Decem! 
31st December, 1862, every winding pit or shaft, worked by Ker Bad, ien spinning March 18, 1883. 


steam or water-power, shouid be provided with a proper self- 
acting fence at the top. 


Ő 


CLASSIFIED LIST OF PATENTS SEALED IN MAY 1802. 


M Thomas, L.—Improved t-fron ordnanco—November 30 


R. A.—Fire-arms, 


$t — 
2895 Rogers, ‘M.D.—Inproved cable stopper — November 18 


2116 es, C. ¥.—Lmproved apparatus for generating steam —November 5 
Hf Broman, RA. — Loprored. apparatus firi generating steam —(com.)—N ovember 5 


, A. W.—Improvement in steam bollers—November 7 
3209 Alichin, W. L. and W.—Improrements in superheating steam —December 21 
2940 H » W.—lm t in steam-engines—‘com.)—November 33 
$919 8 d, J. governors — November 37 


2772 Wiisoo, R. — Steam hammere—November 6 

tewart, D. — Hydraulic steam cotton presses—November 16 

2928 Newton, W. E. —Rotary engine — (com.) —November 21 

2797 Schwarts, T. —Air engines—November 7 

8270 Newton, W. E.- Obtaining power from explosive compounds—(com.)—Dec, $1 


235 Ridder, G. J. N, D.—Railway parringes = January 28, 1863 
2817 Fisher, J.—Railway signals—November 9 
8222 Vickers, I. E.—Rallway engine whe Ils—December 24 
2886 Davidson, J.—Railway communicators—November 12 
3227 Birk G. H.—Railway brakes, &c. (com.) —December 24 
3000 Rowan, J. N.—Railway wheels -- November 28 

240 Newton, W. E.— Railway axle boxes (com.)—January 29, 1862 


161 Knight, J. A. —Permanent way (com.)--January 21, 1862 


2951 Jarrow, A. F.—Locomotives for common roads—November 22 

2811 Cowan, D.—Pneutmatic railway or tabes—November 9 

3983 De Clercq, R.—Apperatus for supplying water to boilers—November 22 
2898 Prodon, 4. G.— metals— November 18 


2888 Goodall, J. C.— Machinery for fol enrelopes—November 16 
2945 Johnson, J. H.—Toothed wheels (eo Nora 28 


December 
8164 Newton, A. V.—Hoist genic (com.)—December 17 
F^ Latham, W. H. and ae .—Paper cutting machine—March 12, 1862 


2888 .— Washing machines— November 16 
$19 Lo, J. T. — Machinery for covering wire &c.— March 25, 1862 
2981 F. F.—Crushing machine—November 27 


$813 Simpson, G.— Boring apparatus for 
2902 Hemingway, J.—W 
2911 Donnisthorp, G. E.—W. 
2915 W.-W coal mines— November 26 

275 Nixon, J.—Ven mines—November 16 

9787 Prinoe, A.—PF'uruace for zinc ores (com) —Norember 6 

. 978 Daehne, F. W.— Manufacture of sinc, and furnace for ditto—Febrnary 1, 1862 


&c.—November 9 
coa! mines — November 19 
coal mines— November 26 


809 Smith, E. F.— Manufacture of coxe—February 5, 1862 
2845 Henry, M.—Compoeition for treating iron and steel (com.)—November 12. 
2827 Stewart, D. G.— Manufacture of cast-iron pipes—November 11 


3271 Newton, W. E.—Boring apparatus (com.)— ber 81 


2788 Jarrow, A. F.—Bteam cultivators—November 3 
2884 Gibson, M.~Mowing Machines—November 16 
Procter, T.—8traw stackers—Nov mber 13 

415 Bousfield, G. T.— lay elevator - (oom.)— February 22, 1862 
9989 Newton, A. V.—Mo machines - November 27 
3896 Brooman, R. A.— Reaping machines—(com.)—N ovember 18 

698 Hensman, W.—Steam ploughs — March 6 
2948 Bray, W.—Agricultara] locomotives—November 28 
2957 Burgess, W.—Reaping machines—November 25 

&c.—'com.) — November 17 


2798 Gibson, H. G.— Apparatus for drying grain 
2960 Johnson, J. H.— Apparatus for cleaning grain, ps, &c.—(com.) —Novermber 25 
3816 Hague, 8.—Manufacture of hoes, adzes, &c.—November 9 

667 Kendall, J. B. —Horse shoes — March 1, 1862 


2768 Spencer, T.— Earthenware pipes—November 2 


2830 Shedlock, J. J.—Gas meters — November 11 
511 Bowen, H.—Gas meters — March 1, 1861 
727 Clark, W.—Water-meters— March 17, 1862 


2841 Kemp, E. C.—Gas-fittings, glasses, &c.—November 13 


3078 Varley, C. F.— Electric telegraphs — December 9 
7991 Clark, W.— Electric telegraphs—(com.}—Norember 27 
742 Higgins, J.—Preparing cotton —November 1 
757 French, J.—8pinning machines— November 3 
2193 Ww , J.—Loome ee ee T 
emp—Jan 18, 1862 
2948 J.— Preparin fe sperm N n 18 
E: p y. g cotton for spinning— November ` 
val f for preparing flax—February 11, 1861 


$995 Rowan, W.—scu machines—November 27 
3181 Bourne, I,—Cotton gin—(com.)—Dec. 19 


111 Marshall, J, G.—Producing fibre from woven fabrics—January 14 


2844 Duval, L. F. and Beaudit, L. A. —New of tanning—November 12 
8137 Bean}! . —Distilling spirita &c.—December 13 
8143 Bea E. C. B. D.—Extracting ust from auriferous sands — Dec. 14 
anit Box EA. Obiainiag " phosphates Mer 
1 - com. ovem! 
687 Standen, B,— Util mapures— March 4, 1863 E 


2189 Schroder, F. H.. 
2188 Orth, H.—An b mni soap—November 5 
Wiliams, W. J. — Manufacture of candiea— January 9, 1862 
matters--Novetober 20 


1994 Henry, M. —Manufactore of soap (oom.)—November 37 
3112 Mennoos, M. A. F.—Manufactore of sugar (c0m.)—December 12 
3944 Wi J,—Plating metals-- November 25 

122 avery, J.—Purifying coal (com.) — March 15, 1863 
3002 8 P.— Treatment of ores with sulphuric acid —November 28 
8257 Newton, W. E.—Manufacture of sugar (com.)—December 80 


3770 Weston, W. T.—Spring or door fastener—November 4 
2862 Carter, A. E. - Screw cocks—November 18 
2006 Pitt, B.C ocks or valres—November $$ 


kc Y IL aru aari eiria eg ira 
‘ moothing irons (com.)— February 
405 Avery, YA heta of nails, screws, and riveta— February 15, 1262 
609 Imray, J.—Hinges—February 25, 18. 
2287 hu ADTT retis kids db: 
e, J lc 3 
2916 Croxford, z —Norember 20 


844 Greenway, W.—Door fastenings—March 27, 1862 
603 Newton, W, E.—lImprovement in manufacture of pulp for paper (cam.)— 
2950 pe Wylde, Eo Improvement in paper making machinery—November 2% 
om Bnet Bo Restate punt um 
2026 Anderson, R.—Pianoforte cases. 
2752 Brooks, J. §.—Bracese—November 2 


2769 Osborne, 8.—H. akirte—November 2 

206 ter, B.A. oline-—January 27, 1862 
2867 Wi , O. E, —An article of wearing & for ladies— November 13 
2985 Cole, 8., Daven’ T. W.—Composition for buttons, &c -November 27 
2923 Jeff, J. H. fronts, ke.—November 31 


- ars 
2870 Heath, R.— Umbrellas and parasols - November 14 


2000 Clarke, W.—Pastenings of purses, bags, &c.—(com.)— November 27 
2909 Schloss, J.—Pouches—Novem ber 19 


3008 Carle, L. H.C. J.—Rilliard score—November 29 
2972 Stevens, C.— Manufacture of ink —(com.;—November 26 


2860 Brooman, R. A.— Photographic albums—(com.)—November 13 
8080 Mennone, M. A. F.—Microecopic photograyha—(com.)—Decenber 9 : 
2924 Polyblank, G. H.—New method for preserving photographic prints, &c. -Nov. ?t 


2953 Hulard, J. B.—Hardening plaster, &c.—November 25 
2119 Peyton, K.—Manutacture of bedsteads— November 90 

396 Whitfield, 8. B.—Manefacture of be tsteada— February 14, 1862 
9988 Peyton, E.-- Manufacture of bedsteads —Novermber 22 
2825 O'Heilly, F.—Tailors’ work-benches—Nov. 9 


2916 Baylin, W. P.—A for extinguishing fires. —November 20 
3135 Neston, A. V.—Fire escape— (com.) - December 18 n 
2968 Clarke, G.— Fire cscape—November 25 i 
2855 Bellis, R.—Improved method of laying wood floors—November 12 í 
2859 Coney, F.—8tock for brooms—November 18 


2891 Hawkins, J. — Horses’ bits — November 18 
880 Hewitt, W. Reiu holders—February 13 
2885 D'Estangue, E.— Dental instrument— November 16 
8084 Newton, W. E.—Improvement iu artificial teeth—December $ 
2976 Johnson, J. H.—Surgical bandages—(com.)—November 26 
2865 Fricker, H. R.—Improvement in sewers, kc. - November 1$ 
2876 Spratt, J.—linprorement in preparation of food for animals—November 15 


910 Henry, M.—Furnace for iron ore—(com.)—A pri] 1, 1862 
—i[ÓA— 
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NOTICES TO CORRESPONDENTS. : 


fir Jomx Rasxin’s letter did not reach us in time for publication in t be present 
number; but will appear next month. 1 : 
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CAPITALS AND CORBELS,FROM THE NEW MUSEUM, OXFORD. 
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CARVING FROM THE NEW MUSEUM, OXFORD. 
(With Engravings.) 

THE accompanying illustrations exhibit several capitals and 
eorbels selected from those which support the arches of the 
cloisters inclosing the glazed central court of the New Museum 
at Oxford. A want had been long felt in the University of 
Oxford for a building to contain science schools, laboratories, 
theatres, and accommodation for the Ashmolean museum, the 

logical and mineralogical collections, the apparatus of the 
Roader in Experimental Philosophy, and other objects which 
had been very inadequately hou The result of the effort 
made to meet this want was the erection of the New Oxford 
Museum, under the superintendence of the late Benjamin Wood- 
ward, of the firm of Sir J. Deane and Woodward, of Dublin, 
architects of the Dublin Museum. The opportunity was taken 
advantage of to attempt the introduction of a then novel style of 
architecture—the Lombardo-Gothic —into this country. The 
attempt was nobly carried out and highly successful, and not 
only has the style become popular, but the example has been 
largely copied in one at least of our great provincial buildings. 
The carvings before us are interesting not only ou account of 
their beauty, but from the fact that in them we have the native 
roduction of the highly-skilled artisan, who, working almost 
independently of the architect, has produced from his own love 
of nature, works which in some respects will bear comparison 
with the finest medizval carvings similarly derived, and in no 
way are inferior, except in the couventionaiisiug character which 
results from a severely restrained course of study bound to 
the development of architectonic sculpture, rather than what we 
are accustomed to style sculpture per se. It is imperative in all 
perfect work, as we see not alone in the Gothic, but the Grecian 
and even the coarser Roman schools, that decoration should not 
be imitative, but, having a functional purpose as connected with 
the architecture, that it should partake of the character of that 
art which is abstracted from and representative of principles, 
rather than direct and positive in the reproduction of forms. A 
large number of these carviugs are now completed. They are 
the work of a family of irish descent named O'Shea, and of 
Edward Whelan, their relative. If modern buildings are to 
be decorated on sound principles and with perfect beauty, the 
carvers must be obtained from among such able artisans as love 
their work well enough to devote their mental energies to it, 
aud who scorn copying the template or the pattern of the 
decorator. 


FRENCH ENGINEERING AND BUILDING IN THE 
INTERNATIONAL EXHIBITION, 1862. 


To an engineer or an architect the collection in Class 10, exhi- 
bited in the French Court, will be one of the most interesting 
portions of the International collection: it comprises a certain 
amount of building materials and contrivances, though in this 
department it is perhaps inferior to what might have been 
expected, but it makes up for any deficiency in this respect by a 
superb collection of models, plans, and photographs of the most 
interesting engineering works in France, collected by the efforts 
of the Minister of Agriculture, Commerce, and Public Works, 
and indeed for the most part exhibited by the government. 

A descriptive catalogue has been prepared for this collection, 
and contains admirable condensed accounts of the works illus- 
trated by the objects in the Exhibition. Some of these accounts 
we may lay before our readers ona future occasion; and indeed 
they are all so well drawn up, and the subjects of them are all so 
worthy of notice, that in selecting one or two for mention we 
must do so almost at raudom, preferring, perhaps, some of the 
less prominent objects, as being those which a visitor might be 
more likely to overlook. 

In a compartment looking on to the nave the models in question 
are arranged, the most conspicuous objects being two models— 
one of large size—of catadioptric apparatus for lighthouses, which 
may serve to indicate the locality of the collection. There are 
ten sections in the catalogue, and appropriated as follows :—roads 
and bridges, hydraulic works (irrigation), river works, canals, 
marine works (breakwaters, ‘docks, &c.), lighthouses, railway 
works, mines, works connected with the vity of Paris, and miscel- 
laneous articles. Under the last head, miscellaneous, we may 
notice easing the centres of bridges by means of sand, which has 
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the merit of extreme simplicity and certainty, and of doing the 
work at much less expense than where large screws are employed, 
and much more steadily and evenly than when wedges are used. 
The sand is placed in small open wrought-iron cylinders—the 
putting together of which is, by the bye, worth looking at, on 
account of its simplicity—of about a foot diameter and the same 
height. Each of these cylinders has four lateral openings, each 
of $ of an inch iu diameter, 1 inch from ite base, which are 
secured by wooden plugs. The cylinders, being filled about 3 of 
their height with sand, are placed on solid timber bearings, and 
cylindrical uprights of wood, which fit loosely into them, carry 
the whole superstructure of the centre. 

Should it be anticipated that the centres thus supported will 
have to remain up a long time, the joint between each cylinder 
and the upright timber resting on the sand within it, is protected 
by a rendering of cement to keep the sand dry. 

Whenever the ceutres have to be eased the stoppers are with- 
drawn, and the sand is allowed to flow out through the orifices, 
or, if caked, is released by a hook aud by tapping the side of the 
cylinder; the flow (the orifice being kept clear) is uniform, and 
the descent of the centres is equally uniform and gradual, and 
perfectly under control. The first bridge where this contrivance 
was employed was the Pont d'Austerlitz, in 1854, by M. Bouziat. 
Since tliat period it has been repeatedly used, and with uniform 
success. 

Another object exhibited is the published account of the general 
levelling of France, contained in a large folio volume. This consists 
of a very detailed and exact survey of the whole of France for 
the purpose of ascertainiug the levels, and of establishing per- 
manent bench-marks, which can be referred to at any time. As 
thia system was intended to be available for public use in drain- 
age, irrigation, and other public works, very great accuracy and 
very great detail was necessary ; and the volume before us con- 
tains accounts of the precautions taken, specimens of the mode 
of entering, verifying, aud comparing the observations, repre- 
sentations of the instruments, and the bench-marks used, and a 
map of the main base lines, as well as a table of resulta. 

The metallic bench-marks were fixed at distances of one kilo- 
metre apart along all the base lines, and the differences of level 
were determined by measurements executed along these lines. 
Each of these differences of level was deterinined at least six 
times, three operations being taken in one direction and three in 
the opposite—there being two surveyors at each level, one to 
take the readings, and another to enter them. Should any dis- 
crepancy appear between these six operations, the line is gone 
over again by independent surveyors till the error is detected. 

It is believed that the levels thus taken, and which have 
already been carried over upwards of 5000 miles, are exact within 
three centimetres (or 1°18 inches) The precautions by which this 
extraordinary amount of precision has been secured are worth 
observing. The most important, in addition to the repeated 
measurements already referred to, were the following:— 

Any line of whatever length in which a discrepancy of more 
than two inches appeared was measured afresh bya different 
staff of surveyors. j 

No surveyor was allowed to take the levels of any line which 
5 connected at either extremity to another line already levelled 

y him. 

The readings as entered are transmitted daily by post to the 
central office, and the levels are there calculated and entered. 
The results of the calculations are in no instance transmitted to 
the surveyors. 

The method of keeping and tabulating the entries and work- 
ing out the results is most complete: it is shown in detail, and 
must have contributed not a little to insure accuracy. Lastly, 
the work being paid for by the different communes, payment is 
only made after the portious of work in each commune have been 
so far completed that their exact accuracy can be tested. 

It only remains to add that the whole scheme, down to the 
construction of the instruments and bench-marks, is arranged by 
M. Bourdelone, and superintended by M. Breton. 

To refer only to one other portfolio, we may draw attention to 
the one showing by drawings and photographs the Bois de 
Boulogne near Paris, the beautiful scenery of the place being 
well given in the photographs; while the picturesque lodges, 
gates, and other architectural works are illustrated partly by the 
same means, and partly by numerous drawings of that exquisite 
finish in which the French so much excel. 

In the same folio may be found two photographic views of a 
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ving-stone quarry at Marcoussis, belonging to the city of 
Paris. The working of this quarry has n altogether re- 
modelled since it came into the hands of the municipality; and 
one photograph represents the confusion and waste incident to 
working entirely by hand; while the second shows the regularity 
introduced by the employment of a large and very peculiar iron- 
traveller, with a steam ram for splitting the rock, and every 
appliance for the removal of the débris and the quarried stone. 
There is a model of the traveller exhibited; and while it strikes 
an English eye as unnecessarily complicated and too highly 
tinished, it also remiuds us of the great probability that in an 
English quarry of the same size no such appliance at all would 
have been introduced. When however we state that, notwith- 
standing all the extra expense inseparable from a first attempt, 
the saving can be shown to be nearly 20 per cent. upon the cost 
of working on the old method, we have said enough to induce 
those interested in quarries to look for themselves at the model, 
and read the description of it. 

These specimens are all, as we before ohserved, among the 
least prominent out of more than fifty models or objects included 
in the descriptive catalogue. The more prominent include the 
famous Cherbourg breakwater; the Kehl, Bordeaux, Fribourg, 
and other viaducts; the port of Marseilles, basins, graving docks; 
geological and other mapa; a section of the Artesian well at Passy; 
a map of the water supply of Paris (and a collection of articles con- 
nected with that Pras and a survey of the whole of the vast 
labyrinth of excavations under Paris, which includes the cele- 
brated catacombs. Some of these objects will be described in a 
future notice. 

Turning now to the exhibited building materials and con- 
trivances, the most important are unquestionably objects of 
metal work. Monduit and Bechet exhibit photographs of the 
Fléche of Notre Dame—a work the progress and completion of 
which we have already referred to in our notices of Foreign 
Works and Publications—and send several specimens of its orna- 
Toental features, including two colossal statues, one in beaten 
copper and a second in beaten lead, These are extremely good, 
and as illustrating perhaps the most important modern work in 
metal executed or proposed, are interesting. The same firm also 
exhibits crestings, finials, and other ornaments, and the facilit 
with which lead can be wrought into the forms desirable for suc 
purposes is abundantly illustrated by these objects. It is to be 
regretted that our own metal-workers do not more frequently 
resort to lead work. 

Ornamental work in zinc and other similar metala is exhibited 
abundantly; some of the specimens are very good, especially 
those of Michelet. Iron-castings intended for external orna- 
mentation are also shown iu considerable numbers by Barbe- 
dienne, and some others They are not however what would be 
considered here in uniform good taste, although some of them 
are ornamental enough. 

Of fire-proof construction little or nothing seems to be exhi- 
bited, although the French now make constant use of various 
forms of wrought-iron joist, with tile filling-in, a construction 
which we should have desired to see fully illustrated here; some 
specimens may, however, be seen by the curious in the adjoining 
South Kensington Museum. A few excellent tire-bricks are 
exhibited; but the perforated bricks, flooring and roofing tiles 
and drain tiles are far inferior to the specimens sent by the best 
English makers. 

ere are also a few specimens of stone and marble, one of the 
most remarkable being a species of marble from a quarry in the 
Jura, employed in Paris for the balustrade of one or two new 
bridges; and possibly available for some such purposes iu this 
country. Some, but not all or nearly all, of the fine marble of 
the Pyrennees are exhibited, and a few specimens of artiticial 
stones and marbles, objects which the French manufacture well, 
can be contrasted with them. A specimen or two of béton, some 
applications of asphalte to pipes, sheet-lead and lead in pipes, 
stoves, calorifères, and a large close cooking-range, are among the 
miscellaneous objecta of this part of the collection. 

It may not be passing altogether out of the province of this 
notice to draw attention to the magnificent exhibition of photo- 
graphy in the gallery over the French court. As belonging to 
an art auxiliary in many ways to architecture, sculpture, and 
even engineering, the objects exhibited here would deserve 
notice, both for their size and their beauty; and among the port- 
folios and on the walls will be found so many buildings, both 
ancient and modern, that the viaitor will find himself well repaid 
or his trouble in seeking out and examining this collection. 
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FOREIGN PUBLICATIONS. 


The Encyclopédie d'Architecture for the early months of this 
ear contains an interesting and beautifully-executed series of 
illustrations of the Mediæval buildings at Pisa, accompanied by 
an essay, in which the history and the peculiarities of those 
buildings is treated at some length. This series is still in band, 
and will render the volume of the Encyclopédie for the present 
year an attractive one. From the May number of this journal 
we learn that a new system of teaching drawing—that of Madame 
Cavé—is being experimentally adopted in some of the French 
schools. The peculiarities of the system is that the student, 
whether working from the ronnd or the flat, is made to draw 
three copies of each object. In the first instance he is allowed 
the use of a tracing from the original, which he may from time 
to time lay over his drawing so as to see the errors he has made, 
and correct them. A very accurate copy having been by this 
time made, the student is next required to make a copy from 
memory only; and lastly, the original is again placed before him, 
the tracing being however withheld, and he is required for the 
third time to make a copy. The system seems thorough, and 
would deserve a trial from those engaged in teaching drawing in 
this conntry; though great care must be necessary to prevent its 
becoming wearisome to the students. 

Palais, Cháteaux, Hotels, et Maisons de France (Sauvageot).— 
This book, now in course of publication in parts, treats of an archi- 
tecture for which France is particularly famous—the domestic 
architecture of the 15th, 16th, 17th and 18th centuries, the choice 
of examples being limited to the period embraced by them. To 
some in this country the work would be of little interest or 
value; but there are many who admire, and some who practice, 
the styles of French Renaissance. To such persons a collection of 
good examples will be welcome; and the specimens, so far as the 
work has proceeded, seem well selected, and drawn and engraved 
with all the accuracy, delicacy, and completeness which are so 
characteristic of French architectural publications. This book, 
which has been now going ‘ou for some months, is not unreason- 
able in price; and the illustrations and descriptive text belongin 
to each building will be made complete in themselves and Sold 
separately. 

From Nouvelles Annales de la Construction we learn that the 
Emperor of the French has sanctioned a project for the introduc- 
tion into Paris of water from the springs of the Dhuis. This 
proposal has been much canvassed, and it is only after a long 
inquiry that it has been adopted. The estimated expense is 
18 millions of francs, or about £720,000 sterling; and the time 
allowed for the completion of the works is five years. The May 
number ot this very practical journal contains a long and com- 
prehensive account of the manufacture of paper, together with 
plans of a paper-mill, and a statement of the cost of the building. 
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ARCHITECTURE AT THE ROYAL ACADEMY. 
f Concluded from page 158.) 

NorwrrBsTANDING tlie prevalent revival of Gothic features, as 
applied to modern domestic architecture, it has not gained as yet 
such a hold as to thoroughly displace a predilection for that old- 
fashioned though not so ancient à phase of art, which, founded on 
classic principles, flourished in the days of Elizabeth and James I. 
A large proportion of the mansions which are dotted about the. 
country were either built or enlarged about this period, and it is 
consequently not to be wondered at that a lingering prestige should 
Attach to edifices of this class, and that, even in the present day, 
new ones should arise more or less faithful to such precedents, and, 
it must in the general way be confessed, more or leas successful in 
proportion to such adherence, or the contrary. There is however 
one kind of Jacobean Classic to which we can never reconcile our 
ideas of correct taste, although it was much in favour a century or 
more ago, when that skilful architect, the Earl of Burlington, led 
the public to admire fanciful rustications in place of genuine 
ornament, and absurdly rusticated columna (as they are called) as 
a substitute for the noble simplicity of orthodox examples. 
There is such a real perversion of true principles in all this, that 
we are persuaded that it can only bea desire to produce a com- 
parative novelty that nowadays prompta the occasional resuscita- 
tion of such anomalies. Several of the exhibited designs for 
buildings, important in size at least, are inoculated with this 
fancy, and will be readily perceived without further allusion on 
our part; others, contented with pursuing the more legitimate 
path, are deserving of individual mention. 
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We may specify, for instance, (871) * Pinnington Hall, Cheshire," 
by Mr. E. A. Hetfer, which appears to be of the atrictly Palladian 
school, but is hung too high up for critical examination. (849) 
“Stowlangtoft Hall, Suffolk,” is another building, of a plainer 
kind, and more in the modern Italian style. It depends for its 

effect mainly on the cleverly-disposed outline of its plan, 
and the well-studied arrangement of its windows, which in them- 
selves are of the most unpretendiug character. In Professor 
Kerr's “ Design for the Palais de Justice at Brussels” (876), pre- 
pared for last year’s competition, there is a lavish profusion of 
columnar display, for the most part coupled, and in orders above 
orders;—very similar in idea, if we miatake not, to his design for 
the Government Offices in 1857. In the centre of the fagade 
rises the verisimilitude of the tambour and dome of St. Paul's 
Cathedral, into the subsidiary detaila of which are engrafted 
sundry gleanings from St. Peter's. Probably in this category, 
too, may be included Captain Fowkes’ “Industrial Museum of 
Scotland” (892), which, if not so large as the now notorious build- 
ing from the same hands at South Kensington, appears neverthe- 
leas to be of gigantic proportions; and if not so uncompromisingly 
ugly as its sister, has little to recommend it on the score of either 
well-developed proportions, or sound architectural skill. 

While referring to this subject we may also call attention to 
the scheme submitted by Mr. Godfrey Sykes, and shown in (903) 
asa sketch for decorating the panels of the permanent buildings 
for the International Exhibition with wall mosaics. It is proposed 
to fill these panels with figure-groups in this material, the subjecta 
of course to be varied, and to bear allusion to the purposes of the 
building. Thus, in the portion shown in the drawing we have 
illustrations of iron-forging, agriculture, and sugar-planting; 
while in each of the Min dy between the architraves of the 
large arches is a circular panel, enriched with shields containing 
the arms of various countries, cities, and corporations. In point 
of colour these sketches show a predominance of blue, which 
though an excellent decorative medium internally, should be used 
more sparingly for outside work. The cost of such a mode of 
enrichment would necessarily be enormous, and far beyond what 
the intrinsic merits of the building could claim; but even this 
does not appear to be all that is contemplated, for we observe 
that “the completion of other parts of the exterior, according to 
the Italian practice, is left until sufficient funds are provided.” 
The “City and County Bank, Worcester” (911), now nearly com- 
pleted from the designs of Mr. E. W. Elmslie, is shown only by 
an interior view of the principal apartment, whose chief architec- 
tural feature is the arcade all round, springing from Roman 
Doric columns, and which is treated in the ordinary manner, 
without any attempt at design or novelty, so far as we can perceive. 
This observation would not apply to the exterior, which really 
proves an acquisition to the street architecture of Worcester. The 
“Interior of the Hall at High Clere Castle,” shown by Mr. T. 
Allom in (916), is an artistic composition, if we regard only the 

neral effect. A closer scrutiny betrays manifold questionable 

tails, although the we of the leading features—that of the 
florid Gothic—admita of considerable latitude, as we are aware. 

The * Memoria] to William Tyndale” (859), proposed to be 
erected at Nibley, Gloucestershire, though unassuming in design, 
has common sense to recommend it. It consists simply of a square 
tower, battering in its height, and banded at frequent intervals 
with a ditferent coloured stone. It is finished with a low roof, 
hipped on all sides. The design for the “ Banstead Schools," sub- 
mitted by Mr. G. Somers Clarke, is à very poor specimen of 
domestic Gothic, and, such as it is, is not made the most of in the 
drawing. There is a straining at originality in the groupings of 
the windows, which happens to turn out unfortunately, and ex- 
ception may be taken to many similar tbings interspersed through- 
out the elevation. Mr. J. L. Pearson has two charming little draw- 
ings. One (864), the interior of a new church which he has erected 
at Scarborough, near Beverley, is quite a gem in its way. Though 
by no means ornate, there is enough enricliment to render it as a 
whole highly effective. Much of this is due to a dog-tooth orna- 
ment which is introduced on each side of the curved principals 
of the roof, as well as by the perforated wing-braces which are 
carried from the wall-plate to the underside of the lower purlin. 
Nor must we omit to refer to the elegant shafted corbels of marble 
which support these roof principals, and to the nicely-proportioned 
triplet at the east énd of the chancel, with a sexfoil window over. 
The other (880) presents an exterior view of another church near 
Beverley—Dalton-Holme—which is in the Decorated style, and 
particularly noticeable for its well-studied tower and spire. 

Mr. G. Godwin shows a bird's-eye view of a bailiff’s house, 
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with stabling, &c., as erected by him at Stanley Farm, Somerset- 
shire (865). In a subject like this, any attempt at architectural 
pretension would have been out of place, and there is consequently 
little for the eye to rest on, especially in the absence of any key- 
plan to thearrangements. The question of covering the merchants’ 
area of the Royal Exchange, which was mooted some time since, 
would seem to be, for the present at least, in abevance. Several 
of the competitors’ designs have been previously exhibited, and 
now Mr. Sang, in (866), displays his “ first prize design," which it 
must be eouicsuéd makes the best of a thankless scheme. The 
covering is entirely of glass, fixed in a light framework adapted 
to architectural forms, and transversely in section consisting of a 
lower and a higher or secondary curve, with a flat surface con- 
tined extending over the centre, the monotony of which is relieved 
by devices at intervals in coloured glass—an ingenious application 
under such circumstances, but one which might be expected to 
produce a satisfactory reault. 

The mention of Mr. S. S. Teulon's name is quite sufficient to 
prepare one for seeing some cnrious achievement, in the way of 
novelty at any rate. Sat novelty is not to be sought at any risk; 
and reduudance of ornamentation, however good in itself, ia not 
conducive to beauty,—far from it. How much less worthy then 
is that fertility of mere whim which can claim little else than 
this facility! Yet under this ban we are forced to include 
many of Mr. Teulon's productions. Not but that there has been 
occasionally, of late, a more pruning hand exercised, by which 
such designs are proportionately benefited. We are, therefore, 
inclined to look more favourably on his “ Water-tower, and en- 
gineer’s residence at Elvetham Park” (867), which is decidedly a 
picturesque as well as original composition; almost wholly of 
red brick, but deteriorated in effect by the over-elaborateness of 
the patterns which cover the lofty slated roofs. “St, Katherine’s 
Church,” lately built for the Marchioness of Ailesbury, by Mr. 
T. H. Wyatt (868), is 4 memorial church to her mother, aud is 
modelled on the same architect’s well-known church at Wilton, 
s far as the Byzantine style and a few features are concerned; 
but the mass, as a whole, looks cumbrous and ill-proportioned, 
and sadly needs a tower, to impart some amount of character. 
Mr. H. E. Kendall, in his “Mansion in the old English style,” 
now erecting (869), presents such an extensive range of building, 
and so riohl elaborated, that one cannot but regret that the 
locality which is to boast such a pile, avd its owner's name, have 
not been mentioned; but, while giving every credit for good 
intentions where so much ingenuity bas been exercised, we can- 
not think the result is satisfactory, or that the plan looks a con- 
venient one, apart from the@question of the desirableness of 
reviving the half-timber work system of construction in so lavish 
a manner. 

There is cause for regret that more than ove promising looking 
drawing is hung so much above the eye that it cannot be properly 
examined. Such is the case with (870), a simple and well pro- 
portioned “Swimming Bath,” to be built at Finchley, tbe archi- 
tect beiug Mr. E. Roberts. The over-crowded state of metropolitan 
traffic has induced Mr. Naden to put forth a suggestion—one of 
the mauy—for its relief. This consists of a second roadway 
above the ordinary one, carried by three arches spanning the 
whole width between the bouses. The general outline above is 
a flat segmental arch, the materials being iron, with granite piers 
and abutments, crowned with groups of sculpture. The design 
by Mr. Scott, R.A., for the “New East Window and Reredos for 
St. George’s Chapel” (877), is intended as a memorial of the late 
Prince Consort, and is a commission from Her Majesty. The 
window is an unusually large one, embracing the full width of 
the chapel, to the style of architecture of which it is assimilated. 
Its noble size, and the marked forms of its subdivisions, render 
it an excellent field for stained glass, which it is contemplated to 
insert. The reredos continues downwards the leading lines of 
the window mullions, the spaces between being filled with richly- 
crocketted perpendicular niches, having elaborate canopies and 
sculpture. Mr. Scott also exhibits (883), an exterior and interior 
view of his proposed new covered market for Preston, —a la 
structure of the iron and glass kind, and which, though essentially 
constructional, is nevertheless not devoid of ornament judiciously 
introduced. Adjoining the e drawings is a skilful interior view, 
by Mr. Street (878), of his new church in Garden-street, West- 
minster, the merits of which it is neediess here to recapitulate: 
while (879) shows us another cleverly-executed pen-and-ink 
drawing of the “ New District Church of St. Cuthbert, Durham,” 
by Messrs. Walton and Robson. This design is chiefly noticeable 
for its bold simplicity, an important feature being made of a large 
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rose window in the west gable, the dignity of which is enhanced 
by the diminutive scale of the three lancets below. There is a 
p in square tower flush with this end northwards, and crowned 

y a packsaddle-roof; it has moreover, on its outer angle, a 
square staircase-turret, the upper half of which is terminated 
circularly, its capping being pyramidal, and dyiug against the 
angle of the tower. Within the same frame are also two small 
vignette views, one of which illustrates the interior of this 
church, with its rich arcading round the east wall; and the other 
the exterior, as seen from the north-eagt, and showing the com- 
position of the apsidal end of the building. 

A “Garden Seat” (891), by Mr. C. J. Richardson, is in his 
favorite Elizabethan style, and is certainly a happy version of 
some of its eccentric anomalies. It is designed for Castle Combe, 
Wilts. A portion of the detail of the never-tiring Westminster 
Abbey, showing part of the triforium of the south transept, 
proves an excellent subject for the clever pen-and-ink sketching 
of Mr. Johnson: who also shows (908) a view of the choir of the 
same edifice, as seen from the chapel of St. Paul. (898) “St 
Bartholomew’s Hospital at Chatham,” by Mr. R. P. Pope, isa 
thoroughly characteristic work, handsome yet plain, because it at 
once identifies itself with its purpose, and so satis&es the eye. 
The new offices lately built in Bishopsgate-street, by Mr. Wil- 
kinson of Oxford, may be quoted as among the best specimens of 
the revived pointed Italian style in London. The design has 
become tolerably familiar through various illustrations of it, and 
its detail is clearly shown in the large drawing now in the 
Academy (899). In the “Façade of Nos. 24 aud 25, Grafton- 
street, Dublin" (900) Mr. Digby Wyatt displays what he terms 
& " first attempt" at a revival of some of the characteristics of 
ancient Irish architecture, not that we can perceive any such 
marked features; certainly none more peculiar than some of the 
fancies which have heretofore proceeded from the same haud. 
The * New Library, University College, Oxford" (901), is care- 
fully detailed by Mr. J. H. Le Keux; as is another drawing of a 
totally different class (905), being an outliue view of St. Paul's 
Cathedral, by Mr. Tait. As a specimen of well-considered and 
successful decoration, we may point to an organ, by Messrs. 
Prichard and Seddon, executed for the International Exhibition, 
on of which a clever drawing is contributed to these walls in 
910). 

The extensive restorations at Lichfield Cathedral have frequently 
been adverted to in these pages, and we have given several illus- 
trations in connection with the subject. The large view of the 
choir, however, by Mr. J. Drayton Wyatt, which is before us 
(904), carries these alterations down to the present time, and even 
beyond, inasmuch as the reredos and side grilles behind tlie stalls 
are as yet unfixed, though we believe they are in preparation. 
The minutiss of every part being carefully defined, drawings such 
as these, besides the proofs of their authenticity, are especially 
valuable. Messrs. Salter and Perron may be congratulated on 
their satisfactory version of a rather hackneyed subject—a 
“monumental tower.” It appears that a structure of this kind 
was contemplated to be erected at Penzance as a memorial to the 
late Sir Humphrey Davy, and that iu the competition a column 
designed by these gentlemen had been at first chosen, but that 
subsequently the tower to which we refer was resolved on for 
adoption by the committee, and in their preference we decidedly 
concur. Both designs are shown side by side in (912). Nos. (917) 
and (918), which are the concluding numbers in the architectural 
portion of this exhibition, are attached respectively to the south- 
west and south-east views of the New Godolphin Schools at 
Hammersmith, a building of no great pretensions, unless it be on 
account of its size. but of which the most has been made here as 
well as elaewhere. 

The Academy Exhibition will terminate in the course of the 
present mouth. 

——— Tile ————— 


THE ECONOMIC CONSTRUCTION OF GIRDERS.* 


GIRDERS OF Great Spans. 

IT was our intention to have given in the present paper some 
general account of the principles to be employed in investigating 
the economic merits of girders of spaus so great, that most, of 
their ‘strength is absorbed in supportiug their own weights; and 
we naturally chose the Conway Tubular Girder Bridge as an 
existing example with which to compare the results for other 


* Contiuued from page 164. 
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methods of construction; for as that bridge has only one large 
apan, the calculations were free from the complications which 
continuity over the piers would introduce, and Mr. Edwin Clark’s 
descriptive work afforded ua that complete insight into its con- 
structiou so necessary for our purpose. 

Bat a careful examination of the stresses acting on the mate- 
rial of the Conway tubes has led us to the conclusion, that these 
stresses are far in excess of what has on every hand been con- 
sidered judicious. In no case has it ever been thought prudent 
to place the material of a bridge under a greater stress than one- 
third of that which would break it, but the result we have 
arrived at in the case of the Conway tube is, that were it loaded 
at the rate of one ton per foot run, in addition to the bare weight 
of the tube itself, and ut the same time subjected to the effects of 
a wind-storm equivalent to a force of 30 pounds on the super- 
ficial foot; then, taking the most favourable view of the action 
of the parts, the streas per inch would be fully one-half of that 
which would cause rupture. 

Impressed with the importance of the subject, and with a view 
also to urging the adoption of a means of partially remedying 
this unsatisfactory proportion of the stresses, we make the 
strength of the Conway tubes the subject of our present paper; 

stponing to our next the more general treatment of the sub- 
Ject of girders of great spans. 


THE STRESSES ON THE CONWAY BRIDGE TUBES. 


We take the standard work of Mr. Edwin Clark as our text- 
book in treating on this subject; and although the results of our 
own calculations ditfer widely from his, and we are constrained 
to poiut out some errors into which he has uuaccountably fallen 
—uuless it be froin the difficulties in the way of revision of such 
investigations and hurry for the press—we beg to record our high 
appreciation of his work generally, and our admiration for the 
spirit in which it for the most part is written, and for the great 
amount of valuable practical information, and the important 
original views and investigations which it contains. 

e shall, in the first place, point out what we consider the 
Sources of error in Mr. Clark's two principal calculations of the 
strength of the Conway tubes. Next, we will give our own in- 
vestigations of the stresses thereon, exclusive of the effects of 
wind-pressure. Third, we shall point out what amount of light 
the large experimental girder is capable of throwing upon the 
subject. Fourth, we shall treat of the additional stresses result- 
ing from the lateral action of the wind—omitted in all the pre- 
vious calculations; and, fifth, conclude with suggestions for 
Strengthening the tubes. 


1.—Mr. CLanK's CALCULATIONS OF THE STRENGTH OF THE 
Conway Tubes, 

As both the calculations which Mr. Clark gives (see pages 
748 and 754 of his work) employ a constant derived from the 
experiments made upon the large model girder of 75 feet span, 
it will be best in the first place to inquire into the gature of 
this constant. The description of the experiments is given at 
pages 158-189, and the constant, which we represent by the 
letter Q, is thus derived— 


Q =b "UU see m (1) 


where W is the total distributed, or twice the central break- 
ing weight in tons, S= the span, D = the depth for calculation, 
and A = the sectional area of the bottom in inches; and by this 
formula in another dress, Mr. Clark (187) obtains the values for 
Q in the following table, from the experiments numbered E., III, 
and IV., orthose in which the failure took place by the rending 
of the bottom :— 


TaBLE I.—Experimental Girder, 75 feet span. 


Sec. of Top. Sec. of Sides, "Ee oF Bot- V "s 
Experiment I. 23:4 9 or 9-6 88 .. 190 
» UL .. 934 9 or 9:6 128 ps 
3 IV. 23°4 9 or 9°6 1831 ... $6 
Average 13°6 


This average value 18°6 tous of the constant Q is at page 148 
denominated the “ultimate tensile strain of rivetted p 
and from having been looked upon in this light it has v? 
both caleulatious; it is, in fact, an expression for the wh 
sive action of the section referred to the same leverag 
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which the bottoms acta, compared with the sectional area A of 
the bottom; and by heaping on material to the sides and top, 
without altering A, any value may be obtained for Q; in fact, 
this is virtually done in the experiments I. and III., in which 
the sides and top are in excess compared with the bottom. The 
4th experiment, for which Q = 166, is the only one with an 
approach to the proportions of the Conway tube. But when the 
sides are made unduly thick, as in I. and III., the proportionate 
aid derived from their resistance to rupture is increased; and 
when the top is made unduly heavy as in the same experiments, 
the position of the neutral axis ia raised higher, so as to afford a 
longer leverage to the tensive stresses in the sides and bottom; 
in fact, as we shall have occasion to show, the actual stress on 
the material of the bottom in experiment No I. was, when it 
gave way, less per inch than in experiment No. IV. 

There could be no strong objection to employing a constant of 
the nature of Q in the comparison of structures of different dimen- 
sions, if their cross sections were exactly similar; but even here 
the last experiment fails to be altogether applicable to the case 
of the Conway bridge, since the constructions of the bottom 
differ conaiderably. 

Mr. Clark’s first calculation of the Conway is analogous to that 
employed in deriving the values of Q in the table; there is 
therefore no material objection, except that just referred to, to 
be taken to it so far as it goes, if the value of Q as derived from 
experiment No. IV. be employed—that is 16°6 instead of 18'6 
tons. It is to be regretted, however, when a near approach to 
the best proportion of section was attained in the large girder, 
that then more experiments were not made upon it. 

Mr. Clark's second investigation is of a more elaborate charac- 
ter, taking into account the influence of the sides, and made 
with a view to calculating the actual stresses per sectional inch 
brought upon the extreme top and bottom plates by given load- 
ings. .Passing over minor objectious, we are at once arrested by 
the manner in which tlie first results arrived at are applied—not 
with a reference to the actual strengths of plates as given by the 
direct experiments recorded at page 376, after a proper deduction 
being made from these for rivet holes—but by employing the 
unfortunate constant Q, derived in such an objectionable manner 
from the girder experiments, and by a mode of treatment that 
ignores the sides. Had a constant been deduced from these 
experiments by a treatment in accordance with the principles of 
the second investigation, and that constant been employed in- 
stead of Q, little would have remained to object to, except that 
the difference in the constructions of the bottoms would—as we 
shall afterwards explain—have told unfavourably upon the con- 
staut so obtaiued. If, on the other hand, we take the average 
resuit given for absolute strength at page 376—viz., 196 tons on 
the solid inch, and estimate the metal lost by rivet holes at only 
15 per cent. of the total section, this leaves ‘85 of solid plate out 
vf every inch of section, and (supposing the plates to receive no 
injury except in the rivet holes, aud to act all harmoniously 
together) the absolute strength estimated over the whole plate 
will be = 0:85X 19:6 = 16°66 tons; the correct constant, accord- 
ing to these views, to be used with the primary results of Mr. 
Clark's second and more complete investigation, instead of the 
incompatible so-called constant 18:6. 


2.—OvR CALCULATION OF THE STRESSES ON THE CoNWAY TUBES. 


The sectional areas at the midspan of the tube as given by 
Mr. Clark at page 589, are, for the top = 615:30, for the sides 
= 257, for the bottom = 535°65; total = 1437°95. 

No details of the calculations of these areas are given, but the 
plans and descriptions afford sufficient information for making an 
independent estimate, and since the sectional areas we so arrive 
at differ somewhat from those given by Mr. Clark, we add the 
particulars: 


Estimate of the sectional area of the top of the Conway, including all 
attached angle irons. Square inches. 


A and B plates = 14’ 9" x14” ... get = 2055 
X plates = No. 9x21"x}" = = 14175 
Strips = No. 16x 9"x 4" vus = 720 
Angle irons, No. 40, 44 in. sec. = 1800 
Total "E ose = 65925 
Estimate of the sectional area of the Sides. 
Two Sides, each 21’ 7" x À" ae ave sae = 2595 
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Estimate of the sectional area of the bottom, including all the 
attached angle irons. Square inches. 
D and E plates = 14’ 8"x 2" ike $52:0 


V plates = No. 7X21XÀ" — = 785 
Angle-irons, No. 28, 2'7 in sec. ... = 756 
js No.4,45 ,, = 180 
Two packings P, not continuous = 0:0 
51911 


Let us suppose the horizontal plates A, B, D and E, together 
with their attached angle-irons, to become concentrated into the 
lines passing through the centres of their thicknesses, as in dia- 
gram 2; let also all the X and V plates be brought together, as 
also the side plates, as in the diagram. Further, let the sides be 
completed by material taken from the angle-irons that connect 


Diacrax 1, showing the plates, &c. in 


half of the mid-apau section of the Conway Tube. DIAGRAM 2. 
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them with the B and D plates, 80 as to make up the length to 
BD without affecting their combined thickness, which is equal to 
one inch. Let c be the centre of the depth XV between the 
centres of the cells, and let n be the position of the neutral axis, 
The measurenients carefully obtained from the plates are. 
AE=25'343 feet, BD—21:698, AB—1:813, DE— 833, CV or 
CX—11760. The sectional areas, after making the adjustments, 
indicated above are, A plates, &c.—254'25; $ plates, 267,375; 
X plates—141750; whole of top—663375; D plates=230°80; 
E plates—213:80; V plates—73:00; whole of bottom=518'10; 
whole of sides, 26038. Then bya sufficiently accurate calcula- 
tion we find the centre of gravity n of the section* to be 1:185 
feet above the centre c, hence we have 5,—13:862, À,,—11:482; 
i,—12:039, i, 9669; 
T id 
ÎL — 10-4384, and 2+ = 81423. 
h hy 
We may now deduce a general formula for the moments of the 
various stresses on the parts measured round the neutral axis n. 
Let us deal, in the first instance, with the moments of the parte 
in a state of tension, that is, those below the neutral axis. Let T 
be used to represent the greatest tension per sectional inch on 
the solid metal of the weakest section; or in other words on the 
sections of the extreme plates E as above given, but having a 
deduction made from that section on account of the loss by rivet 
holes. Let the proportion of solid metal to the total area at the 
weakest section be as el, so that eT will express the tension per 
uare inch as measured over the total section without deduction 
of rivet holes; eT is the tension we have to do with in relation to 
the position of the neutral axis, when the slight influence of the 
rivet holes thereon is neglected. The corresponding compres- 
sions per sectional inch at the extreme layers of the material on 
the other side of the axis will be expressed by the letter C, and 


this will be equal to n eT. 
1 


* An interesting question here presente itself as to the effect the rivet 
holes in the bottom and sides will have upon the height of the neutral 
axis. In the text, we follow with regard to the position of the neutral 
surface, the ordinary rule of taking it at the height of the centre of 
gravity of the section; and though we believe this is by the above cause 
rendered not quite exact, it must be sufficiently 20 for this and ordinary 
calculations. T 
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For the moments of the parts in tension we have then the 
following formule:— 
For plates E, area = E, degree of tension = eT, leverage = h; 
-. moment = eT. Eh, 


For plates D, area — D, degree of tension—e? i , leverage zi; 


4 
^. moment = eT. D n 
és 


For Side Plates.—For any horizontal layer of these distant x 
from the neutral axis, and dz thick, the breadth being 1 inch, 


the area = da, degree of tension =T , leverage — z; there- 


2 
fore the moment = eTd= dx. Integrating this between the 


limits r=o and z--i, we have (noting that the i which arises 
from the summation of the thicknesses of the layers must be 


2» " 
taken in inches) moment = «Tb = 12i— 4eTbi T 


For Plates V.—Without altering the sectional area of these 
plhtes we wili suppose them to become stretehed ont to the full 
extent of DE, the united thicknesses becoming = ¢ The mo- 
ment of any layer dz thick, and distant x from the neutral axis, 


2 

is -d dz; integratiug thia between the limits r — i, and 
Liga pears 

xr=h,, we have moment—=eTt 5 (i - €) éTI248—iy (h*oEhi i) 


and putting V —the sectional area, moment = eTV} (i ) 


So that the sum of the moments of the plates, &c. below the 
neutral axis is — 


et { Bh +D> T av (abit iD} MC 


Aud similarly, the moments of the parts above the neutral axis 
are— 


2 “2 ;2 
C {ai,+B RS ; HX (na E ) ) ...(3) 


Applying these formule to the Conway bridge, with the values 
given above for the various factors, and noting that b—i!!, we 
have 
Moments of parts } = eT (213:8X 13:862 + 2308 x 104384 --4X 

under tension 12:029 X 10:43844- 73:5 X 1211) = eT 67653 
Moments of parts } = C(254:25X11182--267:375X 81123-- 4X 
under compression f 9'669 X 81423-- 14175 9764) = C6790'3 


But C — m eT = 0°8283eT -. 
1 
‘Total moment of section = eT(6765:34-0:8283 x 6790:3) —12390eT. 
Now the resulting moments of the loading on half of the span, 
and the reaction of the pier must be made equal to this; this 
g WS, W being the total distributed weight 
over the span S, and if we take S—400 feet, this becomes—50W ; 


moment is equal to 


>. EH — wW 
2. W= 247'8eT, 50W=12390eT, Ta ML 
and C = 0:8282eT 


We may remark upon the above calculation, that it is made 
favourable to the strength of the bridge; 1st, on account of the 
full sectional area of the angl+-irons being taken instead of that 
of their covers, which would be the more correct course; 2nd, 
the span S as above is the clear span, but the span for calculating 


* We do not put much stress upon the difference in the values we 
have employed hie the sectional areas of the parts from those given by 
Mr. Clark, for the results when his values are used are almost the same. 
Thus, taking the sections in the table at page 589, we find A, = 13:577, 
hy, = 11777, $, = 11744, and i, = 9:944; and proceeding with the 
calculation as in the text, with the following values of the parts A = 250, 
B=254, X—140, Sides—260 or 1 inch thick, D=237, V —75, and 
E2222, we get these results: — 


W=248-42eT, T= C= 0°82653 eT, 


wW 
zigay snd 
only differing from the results in the text by about one-quarter per cent. 
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the moment of the reaction of the pier, &c. should be the distance 


from the centre of pressure on one per or abutment to the centre 


of pressure on the other, or probably here about 405 feet; 3rd, 
the weight of structure and loading is, of course, HY under- 
rated with S; and 4th, the material composing the sides has been 
estimated at the same standard as the bottom, to withstand 
tension; the sides should however be considered inferior, both 
on account of being singleriveted, and from the plates composing 
them being placed with the fibre vertically, or at right angles to 
the tensive longitudinal stiess. The experiments given at page 
377 of Mr. Clark’s work show the absolute strength, when the 
stress is parallel to the fibre of the plate, to be about three tons 
greater than when at right angles thereto; but when the sides 
proper do not descend to the lowest part of the girder, their 
absolute strength is not called forth, and it may be that they 
therefore contribute as much to the support of the structure as 
though of better material and workmanship.* When however, 
as in the large experimental girder of 75 feet clear span, the 
sides descend to the bottom, and have therefore their lowest 
layers subjected to the same extremes of tension with the bottom 

lates, their absolute strength and ultimate extensibility become 
important points. If, with the same ultimate extensibilities, the 
net strength of the side plates is inferior to that of the bottom, a 
deduction should be made from the moment expressing their 
efficiency; and if the ultimate extensibility of the side plates be 
inferior to that of the bottom, rupture will begin iu the sides 
before the bottom plates give out their full strength. In accord- 
ance with these views, we do not think it necessary to make any 
deduction from the moments of the Couway section; but when 
we come to treat of the experimental tube, it will appear that 
some such deduction is required in its case, the effect of which. 
will be to slightly augment the ultimate values of eT, T, and C, 
deduced from the experiments. 


TABLE II.—Streases per sectional inch produced in the extreme top and 
bottom plates of the Conway section, from the action of the load alone 
(the additional stress from the action of the wind not being here in- 
cluded). Calculated by formule (4), e being taken = 0°85. 


Total distributed load eT T Cc 
in Tons. in Tons. in Tone. in Tons. 
Tube alone = 1112 .. 4488 .. 5380 ... TT 
Tube 4- 200 = 1312 . 5295 ... 6229  .. 4386 
Tube 4- 400 = 1512 .. 6102 .. 179 5051 
Tube + 600 = 17312 .. 6909 .. 8128 .. 5723 
Tube 4- 800 = 1912 .. 7716 .. 9078 ... 6391 


We will suppose that the 1112 tons in the above table repre- 
sent the total dead weight of the Conway tube (although it 
appears to be that of the bare girder alone, without allowances 
for permanent way, planking, roof, &c). Then the added weights 
will represent the movable loading: 200 tons may be taken as an 
actual daily test, 400 tons is the ordinary estimate of the heaviest 
possible load, 600 tons the same when the factor of safety for the 
movable load is taken equal to 1} times that for the dead weight; 
800 tons represents the same loading when the factor of safety 
for a movable load is taken double that for the fixed load—as at 
page 584 of Professor Rankine’s Civil Engineering. 


3.— CALCULATION OF THE STRESSES ON THE LARGE EXPERIMENTAL 
GIRDER,* in Experiments numbered I., III., and IV., in which 
the Girder failed by the rending of the bottom. 


We have noted that Mr. Clark derives from the results of 
these experiments a measure of strength which we have 


* This supposes the elasticity to be the same as for the bottom plates. 
If we once open up the question of using iron of different elasticities, 
numerous interesting, but complicated, problems present themselves. 
Good results would, for iustance, be obtained by choosing and placing 
the plates so that those with the greatest powers of ultimate extension 
would be situated further from the neutral axis, and those with least 
elasticity nearest to it. 

+ lt is too much the custom to represent a load at the centre of a 
girder as equivalent to twice that load spread uniformly over the span. It 
is so only as regards the longitudinal stresses at the mid-span, in so far as 
these are not affected by the stresses induced in the web. But in all other 
directions the effects of these loadings differ very materially : and tbere- 
fore the one cannot be correctly substituted aa a test in place of the other. 
But let us confine ourselves to the question as regards the model tube (we 
may leave out of consideration the weight of the tube itself). When a 
test-load is placed on the midspan, the whole length of the web is nearly 
equally subjected to certain oblique compressions and tensions occupied 
in transferring from the midspan to each pier half of the central load. 
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denoted by the letter Q, and which approximately gives the 
total tensive moment in terms of the sectional area of the 
bottom, and its depth below the neutral axis; and is therefore 
only applicable to girders having sides, top, and bottom all 
exactly in the same proportion one to another; so that the last 
experiment, or No. IV., is the only one having the appearance 
of being at all useful in this form. We therefore propose 
calculating the actual stress per inch on the extreme fibres in 
each of the experiments, so as to render them all to some extent 
valuable. 

When we come to the actual calculation, we are unfortunately 
met by some discrepancies as to the dimensions of the parta. 
Thus, on page 160, the information given in the upper half does 
not tally with the measurements used in the estimates at the 
lower half; and the angle-irons, which are stated in pages 158-9 
to have sectional areas of ‘175 and :325, are in the estimate made 
equal to the sum ofthe sides multiplied by these values, as mean 
the thicknesses; this again cannot be accepted without doubt, 
since Fig. 2, on page 159, shows an average thickness of the 
stronger angle-iron equal to 0'2 instead 0'325. It is therefore 


DiagnAn 3, showing plates and 
angle-irons in half of the mid-span section of the 


Experimental Girder, 75 feet span. Dara 4. 
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with very little confideuce in the correctness of the following 
dimensions that we proceed to calculate the stresses. As, how- 
ever, the total sectional area of the girder appears to be not verv 
far wrong, being checked by the test of weighiug, we will correct 
the side areas at the expense of the top.* 

Let the various plates, with their attached angle-irons, be sup- 
posed to become concentrated in their central lines on the same 
principles as described for diagram 2, of the Conway tube; this 
is shown by diagram 4. 

The dimensions are AD=4'530, XD=4:275; BD or h, +i 
= 4015; AB or À; —i—(515. The sectional areas are assumed 
to be, A plates—8'7; B plates 87; X plates=60: sides, 4015 
X2X01—9036; D plates=88 in Experiment I, =128 in 
Experiment III, and—18:31 in Experiment IV. From tliese 
we are enabled to calculate the positions of the neutral axis, and 
hence the following values of 4 and i. 


In Experiment I. ; hy=2854 hy, =1°677 izl161 
„o HL 2s AQ-$605 À,—1:995 iz1410 
y» IV. hy=2°325 h,,=2°205 i=1°690 


The formula for the moments of the compressions will be the 
same as obtained for the Conway, viz., 


~ ? i? TES 
=C {Abt BE Toi K, + Xi Qn i) } 


and for the parts under tension the moments are simply = eT 
(Dh, +4 bh,*). Substituting in these formule the values given 


By s correct test-loading, or one of double the former amount, epread 
uniformly over the girder, the stresses in the web are very different, the 
part at the mid.span is nearly free from stress; but the parts near tho 
supports are stressed to double the degree caused by the former load. 
The experimenta cannot, therefore, be accepted as a proper test of the 
strength of the web, they overstrain it at the mid-span, but only apply 
half the proper stresses to ita extremities. 

* In the estimate of the top, at page 160, the attached arch of angle- 
iron is omitted, and overlaps are included which do not appear in the 
detail drawings. (See Dr. Fairbairn's ‘ Narrative.) Further, the thick- 
nesses of the plates A and B, which are given in the upper part of the 
Page as 179 and 151, appear respectively as 0°151 and 0:153 in the 
estimate. As to the side plates, their depth is 4 feet, not 3’ 9” as in 
the estimate. Their sectional area is correctly given as —9'0 at page 163. 
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above for the factors, we get in Experiment I. the total moment 
of the section —eT49:023; in Experiment ILE. the moment of the 
section —eT65:107; and in Experiment IV. the moment of the 
section—eT87:278. In the three experiments the equivalent dis- 
tributed loadings, that is, the weights of the girder added to 
double the central breaking weights, are respectively 76:175 
tons, 118053 tons, and 137:948 tons. And the momenta of these 
loadings at the mid-span are respectively— 7141, 1106774, and 
1293:26. Equatiug these momenta with those obtained for the 
sections, we arrive at the values of the stresses, which are as iu 
Table IIT. 
Tase III.—Stresses on the Experimental Girder. 


eT T when ¢e=°85 e 
Experiment I. 14:567 17:138 is 8:559 
» XI 16:999 20-000 .. 12:562 
»- IY: 14:818 17:433 14:053 
Average 15:461 vss 18:190 


182 tons is then the absolute tensive strength of the plates 
calculated on the suppositions embodied in the above principles. 
Why this is less than the ultimate strength obtained by direct 
experiment (see page 376, where this is given as varying from 
18 to 22 tons, with an average of about 19'6) may not be beyond 
explanation. The value assigned to e may be too high; if we 
take it=0°8, that is, suppose one-fifth of the whcle section to be 
destroyed by the rivet-holes, T comes out=19°326. But there is 
a cause at work which we will endeavour to explain. The sides 
or webs of all such girders and tubes must necessarily have an 
inferior ultimate tensive strength against a stress in the direction 
of the length of the girder, on account of the inferior character 
of the rivetted joints and the direction of the fibres of the plates ; 
we may, however, assume them to be equally stiff with the 
bottom. The consequence will be that the sides and top will only 
work harmoniously together up to the point at which the stress 
in either of them attains the ultimate value; so that in cases like 
this experimental girder, wherein the side plates descend to nearly 
as low a level as the bottom plates, rupture will begin at the 
lower edges of the side-plates considerably before the plates of 
the bottom have given out their full strength. And if we suppose 
the lower edges of the side-plates to be exactly at the same level 
as the bottom of the girder, their failure will begin when the 
bottom-plates are stretched to an extent corresponding with the 
ultimate stretch and strength of the side-plates; and—unless the 
bottom-plates be of such large sectional area, that the 3 or 4 tons 
per inch more of strength that they may put forth after failure in 
the sides has begun, will more than make up for the loss of the 
strength previously given out by the epa E rupture 
will ensue. If, as we have supposed, the elasticities be exactly 
the same for bottom and side-plates, let A be the extreme distance 
of the bottom from the neutral] axis, and m equal to the distance 
from that axis of the point to which the sides become split up 
when the bottom attains its greatest elongation; then, if eT aud 
eT, be the respective ultimate resistances to tension of the 
bottom and sides, we have when the bottom is fully stretched 


mtm h, so that when the full value of eT is counted upon, 
e 


the tensive moments will be=eT (section of bottom xA4- thick- 
ness of sides xa" , 
areas in inches. In addition to the above causes of weakness we 
have the slight warpings and irregularities unavoidably produced 
in rivetting up such thin plates, which must tell against the 
general tensive strength. 

It will now be obvious that no very direct use can be made of 
the experiments iu helping us to the value to be assigned to T 
for the Conway, but as some of the prejudicial causes noted above 
will also be present in some degree in the case of the Conway 
tube, we may be allowed to assign a value to T slightly less than 
that obtained from the direct experiments upon the plates used 
in its construction. Let T, then, be taken — 19 tons, instead of 
182 as derived from the experimental tube, or of 19°6 from the 
direct experiments on the uninjured plates. 

So that, when the Conway is loaded at the rate of one ton per 
foot run, and the same factor of safety is employed for movable 
as for fixed loading, that common factor will be = 19 > 7:15 
(Table IL) — 2:65 only; and if the factor for movable lond be 
taken equal to là times that for fixed, we have the respective 
factors equal to 3:506 and 2:337. 

These factors are very unsatisfactory. But the correct factors, 


m and h being measured in feet, and the 
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which must be obtained after allowing for the effects of the wind, 
are still more so. We now proceed to calculate the additional 
stresses produced thereby. 


4.—THE STRESSES PRODUCED IN THE Top AND BOTTOM OF THE 
TUBE BY THE LATERAL PRESSURE OF THE WIND. 


By the lateral pressure of the wiud one side of the tube is 
thrown into a state of tension (compared with its normal con- 
dition) and the other into a state of compression. It does not 
appear to have occurred to those investigating the question that 
the edges of the top and bottom of the tube participate, to the 
full extent at least, in these stresses; and that the wind-induced 
stresses must therefore be added to the previously existing stresses 
produced by the action of gravitation. And the greatness of this 
addition can, we think, never have been calculated. Mr. Clark 
does not give any such calculation for the Conway tube, misled 
probably as to its importance by a serious error that occurs in 
that for the Britannia tube, at page 787. The investigation there 
given is correct enough in principle, the error occurs in the final 


arithmetical operation; he gives the formule Lid —0:621,wherein 


u z expresses the total pressure of the wind on one side of the 
tube — 120 tons, when the force is taken at only 20 lbs. per 
superficial foot; f= the stress per square foot induced on the 


A i BS 120 
material of the sides; we consequently have f —Q9$31 0621 
=193-4 tons per foot —1:34 tons per inch. Mr. Clark makes this 
== 745 tons per foot, or about half a ton per inch. Now when 
we consider that the sides are not very well suited to withstand 
either tension or compression in the direction of the span, it is 
apparent that the edges of the top and bottom will receive more 
than their just shares of the total stress, that is, there will be 
more than one-and-a-third ton per inch to be added to the pre- 
viously existing tension om the leeward-edge of the bottom, and 
to the compression on the windward-side of the top. The fact of 
the windward-edge of the bottom being relieved of tension to the 
same extent does not affect the question as regards the leeward- 
edge, the stress from gravitation being brought upon it by that 
side of the tube to which it is attached, quite independently of 
the other. Furthermore, 20 lbs. must be looked upon as an 
under-estimate of the force of the wind, allowance should be made 
for the effects of suddenness of application, or even for the 
possibility of the gusts being isochronous with the lateral oscilla- 
tions of the tube. At page 470, indeed, we find the pressure 
estimated at 46 lbs. per superficial foot, and in Dr. Fairbairn’s 
‘Narrative,’ at page 120, 50 lbs. is the estimate: of course the 
Rtress to be added will be in proportion to the pressure per foot, 
at 50 lbs. the stress would be=3'35 tons in the Britannia tube, 
according to Mr. Clark's own formule quoted above, which how- 
ever does not take into consideration the modifying effects of 
continuity past the piers. 

Let us now investigate the stresses occasioned in the Conway 
from the lateral action of the wind. Let F= the force of the 
wind in lbs, on each superticial foot. The tube being three feet 
deeper at the centre than at the ends, the pressure is more serious 
than if uniformly spread over the length; to have the equivalent 
uniform load we must somewhat increase the area. The actual 
area, omitting the roof, is = 400 feet X 24°5; let us take it equal 
to 10,000 feet, we have then for the moment of the wind-pressure, 


10 x 
0-200 50,000 F lbs. — 22321 F tons... (5) 


To resist this, we have, 
e T X 14667 (area of one side+-}-areas of top and bottom)...(6) 


Aud taking the areas from page 589, and equating the moments, 
we have, 


223-2F — eT (1285-1968) 14:667, whence eT—F + 21°34 ....(7) 


But from the inferior quality of the rivetting of the sides, a low 
value must be taken for e, say = 0°75, so that 


T=F—16 Sok aes cx eee Dieci) 
When F—20 Ib. per foot, T—1:25 tons per sectional inch. 
5» F=80 lb. P. T=1:875 ,, » 
» F=40lb, „  T—250 , i 
» F=50 lb. ” T= 3125 m » 


By adding these results to those given in Table II. we arrive at 
a near approach to the actual stress, to which the leeward-edge 
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of the bottom of the tube is subjected under the piven cireum- 
stances of wind and load. Thua, with a loading of one ton per 
foot run, and the effect of the wind taken as equivalent to 30 Ibs. 
per foot, we have the tensive stress on the solid inch of iron 
= T1784-1:875—9053 tons, or half of what we have been led to 
consider tha ultimate strength of the plates.* And this result, it 
must be borne in mind, is obtained with an over-estimate of the 
efficiency of the angle-irons, and an under-estimate of the span 
and loading. It does, then, appear that the stresses greatly exceed 
what has been considered the limit of safety—viz., from 5 to 6 
tons of tension, and considerably less of compression: it is there- 
fore with some earnestness that we would press upon the con- 
sideration of those entrusted with the care of the structure the 
propriety of employing the means which the connecting of the 
pair of tubes together offers of alleviating in some degree this 
serious excess of stress. 


5.—ConNECTING THE TUBES TOGETHER AB A MEANS OF DIMI- 
NISHING THE STRESSES FROM THE WiND. 

The connection of the tubes together may be carried out in two 
different ways. The least perfect of these is by the simple intro- 
duction of struts between thew to retain them strictly parallel, 
so that the leeward tube will assume the same amount of lateral 
curvature as the other, and so take on itself half the duty of 
resisting the wind. This arrangement would reduce the foregoing 
tension from 9:053 to 8'116 tons, supposing that the wind takes 
no hold on the second tube. 

But the more perfect way of connecting the tubes is by intro- 
ducing between them efficient systems of horizontal bracing, 
thus rendering the whole structure as it were one girder nearly 
38 feet deep, to resist the lateral pressure: by this means the 
stress per inch produced by the wind, calculated approximately, 
will be less than one-fifth of that on the Sindwibl tube when 
unconnected; or the total stress above given as 9'053in the uncon- 
nected tube is reduced to about 7:511 tons—a reduction so evi- 
dently necessary and important aa not to need any further insisting 
upon on our part, 

Edinburgh. R. H. B. 
e 


NEW GAS ENGINE. 


Ir is stated that M. Lenoir and MM. Mays Brothers have 
succeeded in constrncting engines from }-horse to 3 or 4-horse 
power actuated by means of the expansion of ordinary coal gas, 
inflamed by electricity so as to act by its dilatation on each side 
of the piston alternately, without any steam. As this is not an 
experiment, but actually in practice with economy, the idea is 
neither “speculative” nor chimerical; so it deserves notice. A 
M. Révillon says, “I bad four men to turn grindstones; they cost 
me 12 francs per day; I placed in their stead one of these auxiliary 
engines of l-horse power, which does all the work of the four 
men willingly and noiselessly for 6 or 7 francs a day.” 

Another, M. Bourgerie, states the working of a larger engine 
than the latter. “F wanted,” he says, “a motive power, and I was 
not authorised to put up a steam engine; I have placed in my factory 
an engine (of the above nature) of 3-horse power, which has relieved 
mo from the embarras in which I was placed. A machine like 
this can render the same service, in a thousand similar circum- 
stances, to the industry of our populous quarters." 

The following is a descripticn of the engine; it consists of a hori- 
zontal cylinder on a bed of cast-iron, as in ordinary steam engines, 
the connecting rod driving à crank upon the shafting, with fly- 
wheel and the usual gearing for distributing the motive power. 
By the usual eccentric and slide valve the gas is admitted above 
and below the piston. Two of Bunsen's batteries are put into 
communication with Ruhmkorff's induction coil, whence the elec- 
tric current is conducted by two isolated wires to a distributor of 
electricity placed in front of the cylinder, so that the movement of 
the piston regulates the communication of the wires to the 
* inflamers" (inflammateurs) placed inside each disk of the cylinder, 
so that an alternate illumination takes place above and below the 
piston, and produces the required horizontal movements. The 
conserved gases are driven off by a waste pipe from the valve 
box. The whole is kept cool by a stream of water, the cylinder in 
a jacket. To set it in motion all that is necessary is to turn on 
the gas and give a help to the flywheel. As M. Leon Foucault 
says, it can set in motion or stopped “avec la méme facilité 
qu'on allume ou qu'on souffle une bougie." 


* On the windward side of the top the addition would tell still more unfavourably. 
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LECTURES ON ARCHITECTURE AT THE ROYAL 
ACADEMY.* 
By Sypyry Suinkg, R.A. 
LecrugE IV. 


We have hitherto, this season, been engaged in diacussing 
various, and, truth to say, somewhat miscellaneous subjects con- 
nected with architecture, suggested by a reference to some of the 
literary treasures contained in two public libraries. I have but 
dip very cursorily and superficially into these collections. 
Much profit might, no doubt, be derived from the prosecution of 
u deeper, closer, and more systematic examination of them, but 
I do not consider myself justified in pursuing the inquiry farther, 
at least for the present. So brief is my appointed course, that it 
is now quite time I should quit the mere literature of our subject, 
aud proceed at once to the consideration of the principles that 
should regulate the practice of the art, 

We must remember that architecture is strictly a practical art; 
far more so than either of the sister arts of painting and sculp- 
ture. Reading and thinking are, no doubt, processes well adapted 
to clear up and make straight the path before us; they enable us 
to see our way and understand the course we should take; but it 
behoves us also to accustom our minds to the carrying out of the 
principles so acquired. We may learn much of a country by 
studying geographical treatises; but it is ns a wayfarer on its 
actual s that we best become acquainted with it. 

Let us, then, enter upon a detailed and practical consideration 
of the art of architectural design. Such a consideration seems 
naturally to divide itself into two very distinct general heads; 
uamely, design as it affecta exterior architecture, and design as it 
affecte interior architecture; each being very different from the 
other in its aim and object. It would, however, be a serions 
error to suppose that the exterior and interior of a building 
should not be designed strictly in relation to each other. I hold it 
to be a serious defect in design to so shape the exterior of a build- 
ing as not to convey, to the mind of one viewing it, nt least some 
general idea of the form, and, when possible, even of the general 
arrangement, of its interior. Still, the treatment and the nature 
of the effects and impressions to be produced must necessarily be 
30 different, that I think it will be very convenient and proper to 
regard these two subjects distinctly and separately. 

t us, then, devote this evening to the consideration of the 
principles of design as they affect the exterior form of a building; 
and next week we will deal with the interior. I need not insist on 
the paramount importance to an architectof a careful study of 
external architecture. There are few considerations that lead our 
mind so forcibly to a sense of the importance of a right cultivation 
of our art as the consideration of the permanence and darability of 
her works. Fifteen generations of nien have passed away since 
the erection of those buildings which date from the decadence of 
Medieval art; and there are puildings still surviving the wreck 
of time since the erection of which a handred generations have 
passed away. How grave a responsibility, then, it is which the 
architect takes upon himself. If his work be one of ordinary 
solidity, he must count upon a succession of critics, and be pre- 

~ pared to submit his handiwork to a varying standard of taste, — 
varying to an extent that can scarcely fil to the lot of either of 
the sister arts. The sculptors labour is bestowed on objecta of 
comparatively little magnitude: and their defects as well as their 
beauties have to be searched out in order to be appreciated, or 
even observed. The painter’s field of labour is, perbaps, still 
more limited and still less conspicuous; and it is painful to con- 
template the perishable nature of the productions of his genius. 
All the love and reverence with which a picture may be regarded 
can but prolong iis existence through a few centuries; and all 
the care with which it may be cherished may be thwarted and set 
at nought by an imperceptible worm, a careless spark, or even a 
neglected window-blind ! 

Again, if the hand of a master have failed the painter in the 
executiou of his task; or should he, by one of those caprices 
from which even the highest genius is not always exempt, 
have produced a work with which, on after reflection or on 
further study, he feels himself dissatisfied, he can turn his 
picture to the wall, or even paint it out. Not so the votaries of 
architecture. To them alone isit given to occupy the highways 
and public places, and perpetuate their glory or their disgrace in 
monuments which are at once conspicuous and durable. Is there 


* Continued from page 137. 
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any consideration better calculated than this to make us earnest 
diffident, and studious? Is there any consideration more power- 
ful to warn us from an indulgence in foolish excesses, or puerile 
capriccios ; or to induce us to proceed with a measured and a cau- 
tious step! to see that every line is founded on sound reason and 
just calculations? This is a duty which we owe alike to ourselves, 
to our patrons, and to our art. Let no seeking after present, but 
very evanescent, praise render us unmindful that our work how- 
ever crudely considered or hastily conceived, stands, and will 
stand, exposed to the unsparing judgment of successive gene- 
rations. 

It is obvious, then, that the composition of external architecture 
is of the utmost importance to the character of the architect, and 
demands, therefore, his first and most earnest attention. 

Now, in the mechanical construction of a building, what 
consideration may be regarded as the most important of all? 
Undoubtedly its foundations. Let your superstructure be ever 
80 just in its proportions, or beautiful in its decorations; if its 
foundations be faulty the architect can gather no laurels; the 
Structure may drag on its unseemly existence for years, but it 
can win for him no applause. Noris this regard to the founda- 
tion a mere consideration of mechanical construction: it is also a 
question of æsthetics. 

If your basement be plainly adequate to the superstructure; if 
it be of fitting character and of competent proportions; you will 
have gone far to secure a succeasful result fur your whole design. 

I believe that in the kindred arts all masters agree in regard- 
iug the pose of a figure, or of a statue, a subject of essential 
importance; and I believe it to be a fundamental rule that the 
feet should be readily traceable; that there should be no doubt 
in the mind of a spectator as to how or upon what the human 
body is supported; and, of course, the eye demands that the 
footing shal] be adequate to its task. 

So also is it in our art. The eye must be satisfied thata build- 
ing has a firm, visible, and competent basis, 

Sir J. Reynolds compares the background of a picture to the 
base of a building: the comparison is certainly felicitous, and 
conveys an important lesson both to the painter and to the archi- 
tect. Each should be quiet and solid; not forcibly obtruding 
itself upon the notice of the observer—in the one case by any 
inordinate brightness and glitter, nor in the other case by any 
needless multiplication of parts or obtrusive enrichment. Like 
the setting of a gem, the background of a picture may greatly 
enhance the effect of the subject, or seriously detract from it, 
according to the degree of judgment exercised in its treatment. 
So may great value be given to the superstructure of a building 
by the judicious treatment of its base. But, besides these 
eesthetic considerations, there appears to be a peculiar practical 
propriety in giving to a building a base obviously competent to 
receive and supportit. It is not enough to surmise, or presume, 
that a building has an adequate foundation: it is not enough to 
know as a practical man that a building has an adequate founda- 
tion: the eye needs to be satisfied as well as the mind—the fact 
should be patent and palpable; otherwise a sort of uneasiness is 
produced on the mind of the observer, which it is the duty of 
true art to avoid; for it is one of the most legitimate ends of all 
art to yield pleasure, not pain, to the intelligent observer. 

I need scarcely remind you of the elaborate attention paid to 
this especial subject by the accomplished architects of ancient 
Greece. Confined as the Greek temple ordinarily was within its 
Teuevos or sacred inclosure, aud therefore having its façade fally 
seen only from a point of view somewhat near, uo very lofty sub- 
structure was necessary in order to give it dignity; but that the 
Greeks were fully sensible of the value ot an adequate base, and 
of the importance of giving a due elevation and spread to the 
visible footing of a building, is manifest in all their works that 
remain to us. 

The graduated plinths are a peculiar characteristic of most —I 
believe of all—of their temples, and seem to give great proprie 
and significance to the term “Nascentia templa," used by Martial. 
The spreading steps of a temple seem truly to link the structure 
with the rum it rests upon; and thus the building may well be, 
figuratively, said to grow out of it. 

Instances are not wanting of casual irregularities of site having 
been made subservient to the production of very noble sub- 
structures. 

It is true our knowledge of Greek exterior architecture is 
mainly derived from sacred edifices; but so attached were they, 
apparently, to the type presented by the temples, that they were 
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satisfied to build their basilicas externally in conformity with it. 
The basilica at Poestum, for example, has its substructure 
Qeon similar to the temples adjacent to it. The tombs in 

ycia, with which of late years we have become familiar, are 
remarkable for the character of stability and permanence given 
to them by their bases. 

Generally, we may with truth say that the remnants of Greek 
art which survive for our instruction are amply sufficient to 
prove that the refined eye of Greek artists failed not to recognise 
the wathetic importance of a competent substructure. 

In Roman buildings the general use of a podium is an evident 
recognition of the same feeling. Vitruvius treats the jum as 
an important, if not essential, feature in the composition of an 
order; and he gives us the proportions that were held in his day 
to be proper for this member. 

The interruption of the podium of a colonnade, and the forming 
a break in it under each column, naturally led to the suggestion 
of the pedestal, which eventually became an integral part of every 
order. This pedestal may be regarded as a strictly Roman fea- 
ture; nor am I aware of a single purely Greek pagar es the 
nearest approach to it being at the singular temple at Segesta, 
where breaking of the upper plinth or step on which the columns 
stood, forms under each column a cubical block of masonry 
resembling a plinth; but even this there is reason to believe, is 
rather due to the unfinished state of the building than to design. 

When once adopted in the architecture of Rome, the pedestal 

ecame well-nigh universal and continued as long as Classic 
architecture retained any of ite ancient purity. In the grand 
style of Roman art, that art which it has been too much the 
fashion, both of the ultra Greek on the one hand, and of the ultra 
Goth on the other, to contemn; but which was an art, in its best 
days, most impressively marked by the greatness of manner 
which well became the masters of the civilised world;—in that 
art nothing is more striking than the skill shown in the advan- 
tageous placing of their buildings. The eye of the artist is every- 
where Appel when we examine the topography of ancient 
Rome; whilst the Villa of Mecenas, tho Temple at Tivoli, and 
many other familiar examples might be adduced as evidences 
of the judgment and taste which guided the Rcmans in deter- 
mining the sites of their more important buildings. 

The practice of Mediæval art fully concurred with that of the 
ancients in attaching importance to the mode of placing their 
buildings, and in the due appreciation of the advantage of a bold 
and massive substructure. It would, indeed, be difficult to find 
an example, during the best period of Mediæval art, where the 
basement has not been plainly made the object of especial study 
and design ; although it is certainly obvious, from the great 
diversity of their practice, that our ancestors had no very fixed 
rule for their guidance in proportioning their podium to the 
superstructure. They evidently felt however, very strongly, the 
good effect produced by marking torcibly the base lines; iudeed 
those lines are, perhaps, the only very strongly marked hori- 
zontal lines in a building of the beat age: the stringcourses were 
held of little account, and the cornices were often very mode- 
rately pronounced and constantly interrupted in various ways, 
but the base lines very rarely. Deeply shadowed and promi- 
nently marked, they never fail to arrest attention. 

When we carry down our survey to that period in the history 
of our art which immediately succeeded the prevalence of medi- 
seva] forms, we shall still find a full recognition of the importance of 
the base in every architectural composition. In the Venetian build- 
ingsof the quatro-cento period notable instances might be adduced; 
and there 1s no better evidence of the refined taste of the very 
early master Alberti, than the noble basements which he gave 
to his works, The new front he gave to the Church of St. Fran- 
cesco, at Rimini, appears to me to exhibit a very fine feeling in 

. this respect. In the works of Bramante, of Raffaelle, of Giulio 
Romano, and of Palladio, you will find the dignified pose of their 
buildings well worthy of most careful study—a study which it is 
very certain those distinguished artists never failed to bestow on 
the subject themselves. 

Descending in our view from the period of the early Renais- 
sance down to the less refined, though perhaps atill more 
picturesque, manner that succeeded, we still fiud the best artists 
never neglecting that important part of their compositions, the 
base. Indeed, they amplified the idea; and we find terraces 
worked up with extreme ingenuity, so as to combine with and 
enhance the effect of their architecture; spreading out as it were 
the base of a building so as to connect it with the ground it 
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Stands on; rendering it sometimes scarcely obvious where the 
domain of the architect ends and where that of the gardener 
begins. 

ut I hope that enough now has been said to satisfy you of 
the attention that is due to the preliminary subject of basements; 
and I feel confident you will concur with me in what I said at 
the outset; that in order to afford unmixed pleasure to the 
critical eye in viewing a building, the mind must feel satisfied 
of its stability; and that there are no means so proper for that 
purpose as providing a good and sufficient visible foundation. 

The subject now leads us naturally upwards to the superstruc- 
ture; and, without entering at present into any question of style, I 
think that our first business ia to consider architectural character 
in its broadest sense. When we propose to ourselves to design a 
building, the very first question that should present itself ought to 
be, what character will it be most fitting to impart to our work? 
For we may be well assured of this,—that however exactly our 
building may be in accordance with the ordinances of architecture ; 
whatever may be its merits as a composition; however unexcep- 
tionable may be its details; if the general character of the build- 
ing be not in harmony with its purpose, a fundamental defect 
existe, for which no amount of art will compensate. Whereas, if 
the character of the building be in accordance with its purpose and 
destination, a favourable impression is produced which reconciles 
us to many blemishes of detail. 

I would cite, for example, the principal front of the Imperial 
Palace at Vienna,—a building which has all the worst vices of 
the most corrupt German school; yet possesses in its well sup- 
ported character the great redeeming merit of appearing really 
like what it is,—a great imperial residence. 

I would cite, also, the garden front of Versailles,—a subject 
familiar probably to most of you: as an architectural composi- 
tion it is, I think, sadly deficient in character, with little claim 
to the attribute of grandeur beyond its enormous length, and but 
feebly suggesting the idea of a great monarch's residence. 

To seek for an illustration nearer home, I might point to 
Whitehall Chapel, a building the architecture of which seems 
remarkably expressive of the festive purposes for which it was 
originally designed: and this illustration is the more instructive 
when we have regard to the manifest unfitness of the building in 
all its features, internal aud external, to its present purpose. 
There never was a more grievous misapplication of a fine piece of 
architectural composition. 

I feel the extreme difficulty of defining this quality of character 
with that precision at which oue who assumes the office of a 
teacher ought ever to aim: but it appeara to me to be a conside- 
ration involving so much more of feeling and judgment than of 
abstract reason, or of what logicans term dialectics, that I fear it 
would be a hopeless attempt to lay down definite rules for insu- 
ring propriety of architectural character. We have neither 
numbers nor figures nor words by which the relative merits or 
the essential attributes of art can be gauged or compared with 
mathematical exactness. We want, and shall never find, a 
golden mete-wand, which shall serve to reduce genius to a 
matter of calculation, or to supply an unfailing criterion of good 
taste. 

We may however safely say generally of a building, that its 
character is well conceived, if the intelligent observer be at once 
impressed by the congruity of its aspect with its destination. I 
do not mean that an hospital should look lugubrious; or that 
statues of maniacs should decorate the portals of a lunatic asylum, 
as was the case at old Bedlam: that would be a gross misappli- 
cation of the principle; yet, in such structures as these there is a 

lain propriety which forbids the architect to admit an air of 
levity into his work, or to indulge in fanciful decoration. . 

To give to a court of justice the riant air of a place of public 
amusement; or to give to a private gentleman's residence the 
aspect of an ecclesiastical structure, or of a crenellated fortress 
in the days of catapults and cross-bows, would be to commit a 
solecism which no abstract ingenuity of design, nor antiquarian 
correctness, could possibly justify. i 

Quite irrespective of style, much of the character of a building 
depends on its general treatment. I apprehend that a painter 
who takes in haud some great historical picture would adopt a 
mode of treatment widely different from that which would guide 
him in painting some humble piece of genre painting, or of still 
life. So also the architect should certainly adopt his mode of 
treating his subject to the nature of the building. To design a 
small village church like a miniature cathedral would bea vulgar 
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error, and the formal, dignified simplicity of a Greek temple 
would be grosely misp in the suburban villa. 

To enforce so plain a truth seems almost to demand of me an 
apology, and yet experience proves that this congruity of style is 
not seldom lost sight of. 

At Potsdam, for instance, we see the elegant and stately shaft 
of a Mahommedan minaret, decked with all the graces of oriental 
architecture, degraded to the ar uses of a steam engine 
chimney, built for the supply of water to the royal kitchen- 

en. 

So we find, nearer home, that these freaks of genius are not 
wholly wanting. An admirably-designed Egyptian temple, with 
with its richly-sculptured decorations, illustrating the triumphs 
of Sesostris, forms the façade of a cotton-mill. 

In all cases, I should say, let the purpose of a building deter- 
mine its external character; and although the forms of architec- 
tural composition may not be so eloquent as always to sprei 
very distinctly the nature of those purposes for which a building 
was erected; yet let the architect have a care lest he invite 
ridicule by those flagrant inconsistencies which result from an 
indiscriminating adoption of an architectural style, in total 
forgetfulness or disregard of the future destination of his work. 

ides the influence that the uses and destination of a build- 
ing should exercise on the mind of a designer in determining 
its architectural character, there is yet another consideration 
which should never be overlooked by him in making his design. 
It is with truth that Pope teaches us to 

* Consult the genius of the place in all.” 

This genius loci—the local circumstances of the spot—should not 
fail to have its due weight in the selection of style and character. 
For example, amidst picturesque aud varied natural scenery, a 
flat, fo rectangular façade appears inbarmonious and mis- 
placed. On the other hand, in the streets of a city, some unifor- 
mity of outline seems preferable to that endless miscellany of 
houses of varied heights, shapes, and sizes, which make some of 
our large streets so pre-eminently ugly. It is no uncommon error 
to design a street facade wholly rdless of this consideration. 
We too often see, in the midst of the irregularity of ordinary 
street architecture, an elevation with its centre and wings, a 
pediment here and a projection there; the whole presenting a 
complex composition, all crowded into a small compass, prodi: 
cing painful confusion instead of that re which, amid such 
discrepancies of form and fashion, the distracted eye so much 
desires to dwell upon. And tbis is often done to the serious 
disparagement of the building itself, by detractiug from its 
iudividual importance. 

A simple unbroken frout might have claimed our attention at 
least, if not our admiration; whereas, with its front broken u 
into wings and centres, the building loses ita unity and indivi- 
duality; and each fragment of its composition adds but to the 
general disorder of the scene. We shall find this distinction 
steadily kept in view by the best mastera. 

I need but to remind you of tbe noble specimens of civic 
architecture with which Florence, Vicenza, Verona,and other great 
cities in the north of Italy abound; where you will never find a 
fantastic variety of outline aimed at; but rather that broad sim- 
plicity of treatment which is so well calculated to impart indi- 
vidual dignity to each structure. 

When we turn to the works of the very same masters amidst 
the beautiful bills of the Brienza, or on the banks of the Po and 
the Brenta, we see them there relaxing that severity of manner, 
giving to their plaus a playful variety, and to their outlines a 
picturesque freedom. 

Now with regard to exterior design, the most prominent and 
important principle of design is form. It is form that is mainly 


instrumental in giving expression to works of architecture. ; 


Colour, ornament, the elaboration of the smaller features of a 
building, such as doors, windows and the like,—all these are no 
doubt useful contributories to the t object of giving cha- 
racter and expression to a building, but they are not alone and 
of themselves sufficient. It is the dome, the spire, the portico, 
the arcade: these, and such as these, are the forms on which a 
building mainly depends for its effect. 

When these main features affecting the outline of the building 
are right and true in their proportion and collocation, the design 
is sure to be successful in securing our respectat least, and fixing 
our attention; but if these fail, —if these great and leading fea- 
tures be disproportioned or out of keeping with the plan and 
purpose of the buildings, or otherwise mismanaged; then all the 


THE CIVIL ENGINEER AND ARCHITECT’S JOURNAL. 


189 


enrichments of art are exhausted on it in vain, and the most 
laborious and ingenious details are but labour lost. 

In this respect, as in many others, architecture and sculpture 
are kindred arts. The most beautiful details, the most exquisite 
finish, the highest polish, would fail to invest a statue with the 
true character of high art, if it be wanting in fine form; whilst 
the rudest sketch, the simplest outline, from the hand of a 
Michael Angelo or a Flaxman, is stamped with immortality. 

I would by no means inculcate negligence of detail or of finish, 
nor would I have you in the least degree regardless of the charms 
of ornamentation. Sir Joshua Reynolds says, with his wonted 
truth, “as life would be imperfect without its highest ornaments 
the arts; so these arts themselves would be imperfect without 
their ornaments.” I do not, I say, seek to depreciate the value 
of ornamental details. They may most legitimately excite our 
admiration, by their individual beauty or by their happy adap- 
tion to their place; or by their rich abundance; or the 
judicious imony with which they are introduced; and they 
may act with the utmost effect in giving scale to our work. On this 
latter ground, indeed, reste the main justification of that crowding 
together of minute details which characterises the later schools of 
Mediæval architecture. 

But ornament, like a highly tempered weapon, needs much 
caution in the handling. Not only must it be of a kind suited to 
the character and purpose of the building; but in quantity also it 
must be carefully apportioned. 

These considerations should induce you to attach much impor- 
tance and value to the proper study of ornamental details; but 
do not forget that such details shogld take a secondary place in 
your professional estimation. It is, I repeat it, the leading and 
prominent features of your design which are of paramount import- 
ance. The experience of every one must be able to afford illus- 
tration of this truth,—viz., that the most impressive effects of 
architecture are irrespective of mere ornamental details. After 
having imperfectly seen a building for the first time at night, or 
in the shades of evening, and having been deeply impressed with a 
sense or itsgrandeur; howoften are we surprised (perhaps indeed 
d appointed) x on the morrow by finding it of insignificant 
dimensions, or of mean construction! I have even found in the 
morning that I have been looking over-night with much interest, 
perhaps with admiration, at what has turned out to be a tempo- 
n scaffolding of poles aud tarpaulins. It was its fine outlines, 
its broad chiaroscuro, its deep shadows, which had produced this 
profound impression. Such is the magic of form, and of an 
effective management of lights and shadows in our art. 

I have but little doubt that the striking effect of a Gothic 
cathedral is mainly due, not to its intricate enrichments, not to 
that exquisite claboration of its detail, upon which indiscrimina- 
ting admirers of middle art are too apt to lavish their exclu- 
sive praise (and to which students, allow me to say, are too apt to 
bestow their exclusive attention); but to the breadth of its main 
features, to the variety ot its masses, and to the grand and 
surprising effects produced by ita lights and shadows. 

I am the more led to dwell on this point, becauae ornament 
exercises an extremely seductive power over the mind of younger 
students. Florid beauty in architecture may be well compared to 
an over-ornate style in oratory. We are dazzled by the splendour 
of phrases, by the flow of brilliant words: the flowers are 
strewed before us in such charming abundance, that we are led 
away by our admiration of them, and forget to exercise a calm 
and rational judgment on the main merits of the production, as a 
work either of logic or of rhetoric; and we are in no mind to 
a into the fitness or propriety of the decorative adjuncts. 

it is that the younger practitioner in our art (and, perhaps, 
in the sister arts) is easily reduced, through an erroneous 
estimate of the value of this secondary object, or by a latent 
desire to display his dexterity in superficial embellishment, to 
impair the breadth and solidity of his essential design. 

I trust that I have said enough to establish in your minds my 
position that the vital principle of architectural deaign is form. 

I think that there are three principal and very distinct sources 
of beauty in architectural composition:— 

lst. There is a beauty in the aptitude of a form; that sense of 
satisfaction which the mind experiences when perceiving the nice 
adaptation of any object to its purpose. . 

2nd. There is the beauty of symmetry; that pleasing impres- 
sion produced, I know not why, by regularity of arraugement, 
and b exact correspondence of the several parts. Perhaps this 
sense of the beauty of symmetry may be founded on the almost 
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universal prevalence of unsymmetrical arrangement in the works 
of nature, whether in animate or inanimate creation. 

3rd. There is the beauty of the picturesqne;—a pleasing 
impression (differing very widely from the last, and sometimes 
almost opposed to it, and equally difficult to account for), which 
is made on the mind by irregular but not confused or discordant 
combinations of form. 

I do not pretend that under these three heads all kinds of 
formative beauty can be classed; but they may be quite sufficient 
to engage our attention on the present occasion. 

It is not only good taste, but common sense, that teaches us 
that a form should be fitted to its purpose; and as J have said, 
the fulfilment of this first great condition is in itself an element 
of beauty. But I am afraid that the mere dry unimpassioned 
beauty resulting from the quality of fitness, however it may 
satisfy the engineer, will hardly suffice to meet the aspirations of 
the architect. 

As sensible men, we cannot admit the beauty of any object 
that is irratioual, or idle, or inapplicable to its purpose; yet, as 
artists, or intelligent observers of art, we desire this, and some- 
thing more. I think that this kind of beauty, and the distinction 
which I am endeavouring to draw, may be illustrated by a very 
simple comparison between two familiar forms, that of the early 
Classic, and that of the early Medimval arch. Both are so far 
beautiful, inasmuch as both are perfectly adapted to their purpose : 
both convey in the simplest and most effective manner the ver- 
tical pressure of the superimposed weight down on to the circular 
shaft, whose office it is to bear that pressure. 

Both are alike honest and simple; but an absence of refine- 
ment, not to say a rudeness, characterises the Norman capital; 
while the more ancient type, although honest and simple enough, 
gives evidence of a more refined feeling, a more skilful working 
out of an idea, à quality which distinguishes the Greek artists 
from all others. The parabolic curve of the echinus shows a 
nicety of execution which the mathematician only can full 
appreciate, or even comprehend, but the higher merit of which 
all can feel. 

It is said by Cicero, “ Venustas et pulchritudo corporis 
secerni non potest a valetudine." We in like manner might say 
that it is difficult to distinguish clearly between the beauty of 
an architectural form and its strength or ability to fulfil it task. 
This quality of suitability of form will ever be held in popular 
esteem; for it can be understood and perceived by all; whilst it 
is the privilege of the few only to estimate sesthetic beanty at its 
true value. In this country especially, where the general mind 
loves to hoverin the lower atmosphere of practical science, and soars 
reluctantly into the higher regions of sesthesis, this utilitarian 
qualitv has peculiar attractions. There are thousands of other- 
wise highly-educated minds which distinguish no superiority in 
a Greek vase over an ordinary garden-pot. Both, they will say, 
are alike adapted to their purpose: both fulfil their destinies with 

ual efficiency; therefore both are alike worthy of our approval. 
I have known a critic of this school condemn to utter ridicule a 
colonnade of tinely-proportioned stone columns, as being a clumsy 
contrivance, inasmuch as they are, perhaps, 4 or 5 feet in diame- 
ter; whereas plain iron posts, a few inches only in diameter, 
would have anawered every purpose. To answer such criticism 
is but labour lost; and the sorrowing artist has but to sigh and 
pass on. 

** Miserecordia e justizia gli sdegna, 
Non ragionam 'di ior, ma guarda e passa." 

I now proceed to the second source of beauty, Symmetry. 

Our great master Vitruvius thus instructs ua: “Symmetry,” he 
says, “results from proportion. Proportion is the commensuration 
of the various constituent facts with the whole, in the existence 
of which symmetry is found to consist; for no building," he says, 

"ean possess the attribute of composition in which symmetry 
aod proportion are disregarded.” 

Tt may be difficult in few words to express all that is intended 
to be comprised in that word symmetry; but there can be no 
doubt that the great balance and correspondence of component 
parts, and the regularity of their general arrangement, which 
constitute the essence of symmetry, is a never-failing source of 
pleasure to the critical eye; and here we perceive (what I have 
already adverted to) an instance of theanalogy which our works 
bear to those of nature; who, in her greatest work—man, the 
human frame—has set before us an eminent example of perfect 
asymmetry. 

This quality has ever been eminently architectural. We 
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recognise the attribute of symmetry in the avenue of Sphinses 
at Memphis; in the façade of a Greek temple; in the long- 
drawn aisles of a Gothic cathedral; in the stately colonnades 
which surround the cortile of St. Peter's. We find it in its 
highest condition in the works of the best Italian mastera: pre- 
eminently, perhaps, in the works of Palladio. A want of sym- 
metry in parta, where its want is patent, is a fundamenta! defect 
which no art can hide, and for which no beauty of individual 
parts can compensate. 

The want of due proportion between the dome of St. Peter's 
and the body of the building has been often remarked by critica, 
&nd not without ground, as an instance of this defect; and I might 
cite an example of a like defect, although under very different cir- 
cumstances, at Munich. There the enormous statue of Bavaria 
crushes into Liliputian insignificance the otherwise pleasing 
colonnade which accompanies it. In this case, had it been the 
artist's purpose by this interchange to enhance the size of his 
statue (whose bulk may be comprehended from the fact that 
twenty persone can tind sitting room in the head) he might hare 
been welcome to sacrifice a whole hecatomb of life-size statues 
around the feet of his colossal image, but it was treason to archi- 
tecture thus to reduce a fine Doric portico to the proportions ofa 
plaything, and to sacrifice the dignity of our art in order to magnify 
the vastness of his figure. 

I proceed now to the third source of architectural beauty; 
viz., that resulting from the Picturesque. 

If there is difficulty in defining symmetry in few worde, a 
succinct definition, or rather description, of the word picturesque 
is far more difficult. As I have said last week, there is no 
quality which it is more dangerous to affect than this; for the 
spell is at once broken, and the author loses the reward of his art, 
as yoon as it is perceived that there has been a laboured effort 
made to produce it;—like the Spartan rogue, who only gained a 
lawful exemption from punishment for his theft by the dexterity 
with which he contrived to commit it. 

The ecclesiastical and castellated piles of the Middle Ages are 
perhaps the most striking as well as the most familiar illustra- 
tions of this high quality of art,—if art it may called, where 
concealment of art is the best proof of its influence. But I last 
week sufficiently discussed this subject of the picturesque. 

But there is a principle which I should uotice here as being 
applicable to all large architectural compositions, and to none 
more 80 than to those of picturesque character. I refer to a cer- 
tain subordination of the various parts of a composition to one 
predominant feature or group. 

In every large composition, whether it be a sarug or (as 
I believe) a picture, a kind of unity should be preserved by cou- 
centrating effect,—by giving, not indeed an unduly absorbiug 
interest to any one portion of the design, but a decided aud 
clearly marked preponderance to one portion; for I think it isa 
remark of very general application that where interest is scattered 
it is sure to be wee kata. i 

Our own St. Paul's is an instance especially in point, and 
affords a remarkable example of happy adjustment of its various 
parts; giving to the dome just importance enough to secure its 
Drepoudéradon without overwhelming the subordinate parts of 
the design. . 

The superiority of the effect of those cathedrals, such as Salis- 
bury, Lincoln, Lichfield, and others, which have main central 
spires, over those where that main feature is wanting, such as 
Westminster, Winchester, and Peterborough, is also an obvious 
illustration. 

It was, no doubt, to some esthetic consideration of this nature 
that we owe the noble gate towers of our colleges, and sume of 
our old baronial residences, such as Burleigh, Knowle, and the 
like. These central features, rendered forcible by their superior 
height and enrichnient, connect, as it were, the various parts of 
the composition; giving it that unity which, as I have said, adds 
so much value toa design. I wight name Greenwich Hospital 
asa building which must be regurded as very deficient in this 
respect; and I can hardly doubt that this building, as we now sce 
it, is but part of a larger and more connected design, which its 
distinguished author was unfortunately unable to realize. 

You wil have observed that in the somewhat desultory 
remarks I have addressed to you this evening, the subject of 
styles has been but slightly touched upon. . 

This has arisen from no want of due appreciation of the impot- 
tance of that subject. There is no doubt whatever that a 


thorough, discriminating knowledge of the several recognised 
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styles that have prevailed in the more highly civilized countries 
of ditferent ages forms an essential part of the education of an 
architect. But I believe I shall be best fulfilling my duties here 
by drawing your special attention to those broad principles of 
design that seem alike applicable to all styles; toa right under- 
standing of which priuciples the acquirement of a knowledge of 
details must, aa it seems to me, be always subordinate. 

It would, doubtless, be taking a very narrow view of the study 
of the art to contine our aduiration or to limit our attention to 
any one style: whether it be that which flourished under Pericles 
or that which reached its culminating point under St. Louis or our 
Edwards; or that which left in the great municipalities of North 
Italy enduring monuments of originality and genius. 

The time may come when architecture, unencumbered by pre- 
judice or pedantry, may cease to feed on the past, and take a 
loftier and nobler flight. 

Two revivals have marked the history of modern art. There 
was a great revival in the fifteenth century. Nothing could 
exceed the euthusiesm of the artistic world when Lorenzo assem- 
bled around him the scholars and artists who effected that great 
change; but with all their ardour there was no want of discrimi- 
nating judgment. They dug up, and measured and studied with 
minutest care the works of the Classic ages; but they wrought 
themselves in an unfettered spirit. 

The style of antiquity was by them so modified to suit the 
wants and habits of modern civilization, that their works became 
as much marked by originality as by beauty. It may be indeed 
questioned whether the world has yet seen men altogether equal 
to some of the quatrocentiats, 

Let us have acare that the second revival—that of the nine- 
teeuth century—is not marked by a narrow, sectarian spirit, and 
by the ignoble results inevitably attendant on a blind, servile, 
superstitious adherence to precedent,—a feeling from which the 
great movement of the fifteenth century was so entirely free. 

No doubt the arts have advanced much since painters habi- 
tually drew the heads of men and women with their elongated 
eyes placed somewhere about their temples, and represented 
their horses stepping out with both legs together on the same 
side. But it is undeniable that in our art we have yet much to 
unlearn, many prejudices to dismiss, much rust to rub off, before 
architecture can take its true place. 

It may be long before a Giotto or a Bacon arises in our art, 
but we may look forward hopefully to the result of a combina- 
tion of many minds acting in an earnest spirit and guided by 
right principles. 

—— — ch ————— 


THE HARTLEY COLLIERY ACCIDENT. 


SuonTLY after the frightful occurrence at the Hartley Colliery, 
in January last, by which 199 persons were stifled to death in 
consequence of the single shaft of the mine having been blocked 
up, the Home Secretary requested the inspectors of mines to give 
information respecting the condition of the shafts of mines in 
their several districts. The points on which information was 
required were,—the number of accidents caused by the falling in 
of insufficient shafts; the number of collieries having single 
shafts; whether communications could not be made with other 
existing modes of egress in the same proprietorship; and the 
practicability and cost of providing double-shafts. The replies 
of the inspectors to those inquiries were presented to Parliament 
on the 29th of April, and they have just been published, together 
with the report of Mr. Blackwell respecting the calamitous event 
at Hartley, and were very briefly noticed in the last number of 
the Journal. 

Tt appears from the replies of the inspectors, in England and 
Wales, that comparatively very few of the collieries are worked 
with single shafts, and in the majority of those cases preparations 
are making for giving other inlets to the workings. In Scotland 
however the proportions are reversed, for single shafts, divided 
by wooden brattices, are more numerous than double-shafts, in 
the proportion of 530 to 446. It is a curions fact however, that 
in Scotland there were, during the last three years, only two 
accidents reported as having occurred by the falling-in or ob- 
struction of shafts; while in the West Teoonahite and North 
Wales district, where the number of mines without two entrances 
is very small, there were in the same period 52 accidents from 
tbose causes. Mr. Dickinson, the inspector for the East Lanca- 
shire district, in which the production of coal amounts to 
6,379,500 tons per annum, states his opinion, after conferring 
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with seven other inspectors, that the following provisions should 
be introduced in any Act passed for the regulation of mines:— 
That they should be provided with proper means of egress by 
two distinct shafts, separated from each other by a secure divi- 
sion of natural strata; that for the purpose of exploring or prov- 
ing ground, or for working a small tract of coal or ironstone, a 
single bratticed entrance may be used, provided that not more 
than 10 persons be allowed to be below ground at the same time; 
aud that after the 31st of December, 1862, every shaft worked by 
steam or wate pore should be provided with a proper selt- 
acting fence at the top. 1n the South Durham district, withiu 
which the Hartley colliery is situated, there are 26 mines worked 
with single-shafts, and 113 that have two means of egress. In 
South Staffordshire the proportion of single to double-shafts is 
only 20 to 460; and in South Lancashire the proportion of single- 
shafts is only 3 per cent. All the inspectors agree that single- 
bratticed shafts are very dangerous, and several of them have 
been endeavouring for some years past to induce the proprietors 
to make separate entrances to the workings. The cost of makin 
a second shaft is very variously estimated by the inspectors, an 
it would depend, of course, on the depth of the mines, and the 
nature of the strata. The cost in the South Durham district is 
estimated, for a mine 50 yards deep, at £300; for the Adelaide’s 
colliery, 344 yards deep, £8000; and for the Ryhope colliery, not 
100 yards deeper, the estimated cost is £25,000. It is not im- 
probable, that in some works of small value, to compel the sink- 
ing of a second shaft might put a stop to the working altogether, 
and throw many men out of work in that locality; but the dage 
of single-shafts has been so fatally proved, that it is necessary to 
adopt some measure to obtain a second means of egress, whether 
by a regularly constructed shaft, or, at least, by a sinking of 
smaller dinmeter, which in the mining districts is called a 
“trumpet.” How far it would be practicable to enforce such a 
regulation in Scotland it is difficult to foresee, though the danger 
seems to be greater there than in England, for it is not only a 
general practice to work mines with a single shaft, but mineral 
tenants work their mines through neighbouring properties by 
paying a right of way, to avoid the expense of sinking separate 
shafts. The cost of sinking shafts in that district is however 
estimated by the inspector at a very small sum, not more on an 
average than £300 each. 

The report of Mr. Blackwell on the Hartley colliery accident, 
gives a detailed description of the condition of the shaft and of 
the pumps and engine, and traces its cause to the mal-construc- 
tion of the pumps, which were so arranged as to accumulate the 
entire resistance alternately iu opposite directions to the action 
of the steam, without any check on the other side; so that when 
the engine lost its load by the breakage of the spenrs in the shaft, 
the piston was rapidly forced down, and a concussion ensued 
which snapped the engine-beam. The beam, which weighed 
more than 40 tons, was broken through its centre, and the por 
tion that fell down the shaft carried with it in its descent parts 
of the pump-spears, the buntons and collars that retained the 
pumps and the spears in their places, the brattice by which the 
shaft was divided, and portions of the timber lining of the shaft. 
The following description is given of the coustruction of the 
shaft, aud of the nature of the pit:— 


“The Hartley pit was sunk about seventeen years ago. The shaft is 
12 ft. 3 in. diameter; it is 200 yards in depth, namely, 72 yards from 
the surface to the high-main seam; 66 yards from the high-main to the 
yard seam; 49 yards from the yard to the stone-drift leading to the 
workings in the low main seam; and 13 yards from the stone drift to the 
bottom of the sump. 

The high-main seam at this pit had been exhausted by former workings; 
there are workings, but to a very limited extent, in the yard seam; the 
workings in progress at the time of this accident were almoat exclusively 
in the low main seam. 

The shaft of the Hartley pit had not been walled except for a short 
distance below the surface; under this the strata, where considered liable 
to give way, were secured by a lining of planks, kept in their places by 
round timber cribs or curbs of from 4 to 5 inches scantling. These cribs 
were cleaded or sheeted toward the interior of the shaft with deal battens. 

The shaft was divided through its centre, from east to west, by a 
timber brattice or partition formed of planks. The northern half of the 
shaft was occupied by the bottom and middle sets of pumps which were 
connected with the outside end of the pumping engine beam. This side 
of the shaft formed the upcast; the ventilating furnace drift, through 
which the return air from all the workings passed, entered the shaft on 
its north side in the yard seam. ‘he southern half of the shaft was 
occupied by the winding cages; it formed the downcast. 

The top set of pumps occupied a staple or smali shaft situated under 
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tho inside or steam end of the pumping-engine beam, to which this set of 
pumps waa connected. 

The quantity of water at the Hartley pit was very large; it found ita way 
into the pit almoct entirely through the workings in the low main seam. 
The quantity amounted to from 1400 to 1500 gallons per minute. 

From the level at which this water entered the pit it was necessary to 
‘raise it from the depth of 200 yards; to effect this required the use of 
great engine power." 

The pumping-engine, and the construction and arrangement of 
the pampeto which principally the cause of the breakage is 
attributed—are then noticed as follows: 


“The pumping-engine at this pit had a steam cylinder of 864 inches in 
diameter; the pressure of the steam used was 14 lbe. per square inch; 
the steam was condensed on both sides of the steam piston; the engine 
was of the estimated force of 300 horse- power. 

The length of the beam of the engine was 34 ft. 6 in. from centre to 
centre of the outside gudgeons; the sectional dimensions of each of the 
two sides of which it was Sr apy taken through the centre gudgeon- 
hole, were 8 feet in the vertical by 41 inches in the cross section, exclusive 
of the metal in the ribs and in the boss. 

The centre gudgeon, forming the centre of motion of the beam, was 
situated S inches nearer to the outside or pumping end than the middle 
of the beam; its stroke was thus 10 feet at the inside or steam end, and 
9 ft. 3 in. at the outside or pumping end, situated over the pit-shaft. 

The pumps connected with this engine were divided into three sets. 
The bottom set, lifting the water from the sump in the shaft below the 
low main to the yard seam was 52 yards, and the middle set, lifting from 
the yard to the high main seam, was 66 yards in height. These two sets of 
pumps and the spears connecting them with the outside end of the pumping 
engine beam, were situated in the northern half of the shaft. They were 
both bucket sets. The buckets were 2 fest in diameter, working strokes 
of 9 ft. 3 in. The main dry spear, extending from the engine-beam 
to the top of the middle set of pumpe, was 14 inches square. Below this 
point, from the Y to the top of the bottom set of pumps, it was 10 inches 
square. These spears were of Memel timber. e wood in the bottom 
dry spear, near the place where it had parted, was found to be not per- 
fectly sound. 

The bottom set of pumps stood on the bottom of the sump, that is, that 
portion of the shaft below the stone drift leading to the workings in the 
low-main seam. The middle set stood upon oak buntons of t strength, 
which were placed side by side, and in tiers over each other, extending 
nearly half-way across the shaft of the pit. The top aet of pumps lifting 
from the high main seam to the surface, a height of 72 yards, was situ- 
ated in the staple sunk to this seam, near the inside or steam end of the 
engine-beam. This set also, as the others, was a set of bucket pumps ; 
the buckets were 2 ft. 6 in. diameter, working a stroke of 6 ft. 3 in. 

The weight of the dry and wet , of the buckets, and of the 
columns of water in thé bottom and middle sets of pumps lifted from the 
outside end of the pumping engine beam, when the engine made its inside 
atroke, appears from osiculaticn to have been about 55 tons. The smaller 
weight of the top set in the staple, which was connected with the engine- 
beam on the opposite side of ite centre of motion to the bottom and 
middle seta, was compensated by the difference in the length of the two 
ends of the engine-beam from de centre of motion, the weight of the 
steam-piston, piston-rod croes-head, and iron catch-pin attached to the 
beam. 


m. 

The steam in this pumping engine being condensed on both sides of the 
piston, the speed with which it would travel through its inside and out- 
side strokes would, so long as the connexion of the beam with the pumps 
at each end was maintained, be equal; but this arrangement rendered 
this engine liable in the event of the breakage of its connexion with the 
outside or inside set of pumps, and more particularly with the outaide, to 
serious damage. 

All the sets of pumps in connexion with this engine being bucket 
pumps, the entire resistance to its motion was aocumulated alternately in 
opposite directions to the action of the steam, without any check to that 
action existing on the other side, and in the event of this resistance 
ceasing by the breakage of the pump connexions, it was inevitable that 
the engine should destroy itself, as, in fact, occurred. 


Mr. Blackwell then points out the difference between the 
engine at the Hartley colliery and a Cornish engine, in which he 
observes the same circumstances of danger do not exist, for the 
steam, being condensed on the under side only of the piston, the 
total force brought into action in the inside stroke is confined to 
that which is required to lift the spears and plungers, without the 
additional weight of the column of water. Respecting the use of 
bucket-pumps, and the immediate cause of the accident, he 
observes:— 

** The use of bucket pumps of large dimensions, to form all the sets of 

umps in connexion with a pow umping engine, is evidently a 
Tires, of much danger. In shoh cases, the. engine häving to lift at (he 
same time, not only the weight of the spears but that also of the water 
resting upon the buckets, the tendency is to economise weight as much as 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


Waly 1, 1862 


possible, and consequently to reduce the dimensions of the spears by 
which the connexion of this weight with the engine is maintained. 

There are special causes of breakage connected with the action of 
bucket pumps. The whole power of the engine must be applied to them 
as a direct strain tending to sever their connexion with the engine. The 
buckets are liable to become fast in their working barrels from various 
causes, such as the bursting of a bucket hoop, or the entrance into the 
pump of dirt along with the water. The blast holes through which the 
water enters the pumps may become choked up with dirt, and this would 
throw an excessive strain on the spears. 

It was proved that the sump at the bottom of the shaft of the H 
pit had not been cleansed out for a great length of time. The timber form- 
ing the spears was probably rendered brittle by the elevated tempere- 
ture of the pumping half of the shaft; which Was ujed as the ora 
That liability to breakage existed at this engine was proved by a former 
accident, which occured in 1858, when its speed was only 44 strokes 
minute instead of 74 strokes, as at the period of this accident. On this 
occasion the main in the pumping shaft broke, and the connexion 
of the piston rod with the engine-beam appears in consequence to have 
been nearly severed. 

It was necessary under those circumstances which existed at Hartley 
pit, namely, the constant influx of large volumes of water, with the pos- 
ig ite increase, while there was only very limited room 
for it below the level of the pumpe, that the bottom set should be bucket 

umpe, the buckets and clacks of which can be drawn out and replaced 

m above through the pumps, in case of their being temporarily over- 
powered by water; but the upper sets of pumps, namely, the middle set 
in the t connected with the outside end of the engine-beam, and the 
top set in the staple connected with the inside end, should have been 
plunger pumps; these two last sets being situated above the level to 
which it was probable that the water in the pit could rise. 

This arrangement of the pumps would in all probability have pre- 
vented such an accident as that which occurred, since, under it, the entire 
resistance to the motion of the engine would not, as under that which 
was adopted, have been accumulated alternately in one direction and on 
one side only of the centre of motion of the engine-beam, during each 
stroke of the engine; but a belanced resistance on each side would have 
been presented to the action of the steam, in whichever direction the 
piston might travel. : 

It ap from the evidence of men who were being wound up in 
the shaft at the time of this accident, that a breakage of the spears in the 
shaft, by which the engine lost its load wholly or in part, did occur prior 
to the breakage of the beam and the fall of its broken half into the pit. 
It appeared that when this breakage of the spears occurred the engine 
was commencing its inside stroke. The resistance to the descent of the 
piston in the steam cylinder being thus removed, the piston would be 
carried downwards by the pressure of the steam on ita u gurface 
augmented by the vacuum below, amounting to a force of about 62 tons, 
and would rapidly acquire momentum in ite descent through a stroke of 
10 feet in length, until both the piston and that end of the beam con- 
nected to it were suddenly arrested by the iron catch-pin fixed upon the 
beam at that point coming down upon the spring beams where they were 
rendered perfectly rigid in their resistance by vertical cast-iron columns 
which were firmly bolted to them beneath. 

The engine-beam, the breakage of which was the immediate cause of 
the losa of life which resulted from this accident, was made of iron of fair 
quality. It was of the full ordinary sectional dimensions of beams 
used in engines of similar power to this. The over-wedging of the centre 
gudgeon of the beam and the occurrence of severe frost at the time of the 
accident, may have contributed to render it somewhat more liable to 
fracture than it would otherwise have been, but these circumstances were 
not alone sufficient to account for this occurrence. The beam had been 
at work under the load it waa ing for about seven " 

The breakage of the beam must be attributed to the violent concussion 
to which it was subjected when it, together with the steam piston con- 
nected to it, were suddenly arrested after descending through a stroke of 
10 feet with the velocity acquired under the pressure of the steam, by 
coming in contact with the spring beams beneath, after the counterbalan- 
cing load in the shaft was partially or wholly lost.” 


Notwithstanding the fracture of this cast-iron beam, Mr. 
Blackwell contends that it ought not to prevent the use of such 
material for similar purposes, for, in his opinion, the defects of 
cast-iron may in almost all cases be guarded against by a judi- 
cious combination of ug eed in the construction of beams. 
Had the engine-beam at ley, he observes, been truased with 
wrought-iron rods 24 or 3 inches in diameter, applied to the 
upper and under edges of each of the sides, it would in all proba- 
bility have gustained the effects of the violent concussion. 
Blackwell concludes his report by animadverting on the danger 
of working mines with a single shaft. He estimates the cost of 
labour and materiala required for sinking two shafts in place of 
one, the sectional area of the two together being equal to that of 
the single shaft, at from 10 to 25 per cent, With regard to deep 
mines now in operation, where large quantities of water have 
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been stop back, and where the strata present unusual diffi- 
culties, Mr. Blackwell thinks that the sinking of a second shaft 
would involve so serious an outlay that the effect of any legisla- 
tive enactment enforcing the formation of a second shaft, would 
cauee the stoppage of the works, and throw a large number of 
minera out of work. 

There is, indeed, less danger in working in mines with a single 
shaft that nre free from fire-damp, than in double-shafted fiery 
mines; and it is only the strong impression of the dreadful con- 
sequences of the extraordinary accident at the Hartley colliery 
that has directed attention to the necessity of having more than 
one means of escape. "The question is, not whether men should 
be allowed to risk their lives in procuring coal, but whether it is 
not the duty of the coal proprietors, and of the legislature, to take 
the known precautions that will diminish the danger to which 
miners must always be exposed ? It may be a hardship to the 
proprietor of a coal-mine, to enforce conditions that would render 

is property valueless; but, as regards the men, they would in 
all probability be able to find employment in other mines, where 
they might work with less danger. 


—— Ja f€——— 


WENLOCK. PRIORY, SALOP. 
(Continued from page 167.) 

Tue south transept is in some respects peculiar; up to this 
part we may consider we have been examining the works of, 
within a very short limit, one period, though there are indica- 
tions of slight variation of date here and there, just enough to 
show that the works which were begun to the east were con- 
tinued westward, and, in accordance with the characteristic prin- 
ciples of the age, carried with it what was at the time, perhaps 
with justice, thought to be progress and improvement in art. We 
may therefore justly reverence those who have shown their 
appreciation of the beautiful works of the preceding age, and 
who by their arrangements endeavoured to preserve that of 
the ornamental chapter house adjoining, and continued it in 
their works. The arcading of the transept encroached on the 
chapter house; and to preserve the uniformity of these arches, 
and at the same time not destroy the chapter house, they have 
recessed the old wall, the arch ind pier of the new work being 
aetuelly within the wall, necessitating ingenious arrangements 
and inouldiogs. In like manner, the arcading at the south end 
is carried on piers built into the old wall, and it will be found 
that the wall is really thicker in the aisle than in the main tran- 
sept. This transept has but one aisle on the east side, the other 
is occupied by a triple vaulted recess open to the cloister, for 
what purpose is not absolutely known. We shall however revert 
tothis presently. The only instance I am acquainted with of 
any arrangement at all approaching this, is the south transept 
of Westminster Abbey, where the cloister runs under the lower 
part of the west aisle of the south transept. Returning to the 
transept, we find, on the west side next the nave-aisle, a triple 
arcade, with the mouldiugs in the head of the centre arch cut 
away for the reception of the head of a former statue, and in the 
two outer compartments are small brackets, so that this formed 
a group about a shrine. There is a drain from the centre com- 
partment, by which we infer that there was a piscina. Adjoining 
this waa a newel staircase, part of which now exists. 

On the appena side, in the aisle, were some chapels to the 
east, divided by wooden screens, The mortices for a parclose 
are still visible in the hafta; and a piscina of later construction 
ia in fair preservation, in the lower part is built a Norman 
capital. Here was at least one altar, probably two or three; the 
base of one is distinctly marked. 

Retracing our steps to the great central tower, we turn again 
eastward, and are merely able to point out the position of the 
pers of the once choir. There were seven bays. It is curious, 

owever, to observe that the eastern is within a few inches the 
same length as the western limb; one is divided into seven bays 
by six pillars, the other, as already stated, is divided into eight 
bays by seven pillars. 

n the choir, also, the few remnants of the bases are circular, 
while those in the nave are elaborately indented into shafta; and 
although those in the choir are slightly smaller in diameter, to 
the sight they are practically larger, and T feel no hesitation in 
attributing to an earlier age the construction of the choir than 
to the nave and tower. This indeed ia the part which would be 
of Ear] Hoger's constructing. The south wall has the evidence of 
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& doorway, prohably the abbot's private door, and at the east end 
of the south aisle was a window corresponding apparently with 
that at the extreme west eud of the same aisle, with an altar 
beneath it. The choir was a few inches wider than the nave, and 
with equally wide aisles; the arcadiug was of wider opening than 
iu the nave, and was probably of semi-circular arches. 

The lady-chapel, still further to the east, is just indicated by 
the foundation; it was about 41 feet long by 25 feet wide* and 
without aisles. Of its character and height we can form no 
conjecture, except by comparison with the parts immediately 
adjoining; but the buttresses show that it could not have been 
earlier than the middle of the twelfth century. We shall com- 
plete our examination of the church by taking notice of the 
exterior before proceeding to the domestic departments. 

The west end exhibits sufficient to enable ns to as clearly 
define its former appearance as the interior of the nave. There 
was a centraldoor with a large western window over it, and a 
small window lighting the south aisle; whether a similar window 
was in the north aisle it is impossible now to say, but as there 
was nothing similar in the internal arrangements, with the 
common disregard for balancing an elevation, a different window 
may have been placed in the north aisle. The side of the great 
west window partly remains, with the blank arcading on the face 
of the wall beside it. The north front has nothing beyond a few 
portions of nearly bare wall, with the masonry of the same age 
as the internal parts, that is, of Early Englisb construction, and 
with the shallow projections which was the first form of but- 
tresses, and supplied the place of the previously thicker walls to 
resist the thrust of the groined vaulting or roof trusses. 

Of the eastern end nothing remains, nor indeed any thing to 
note, until we reach the south transept, upon which we must 
bestow our chief attention to arrive at any conclusion. Here it 
is made evident that the nave and transepts were of equal height 
and form: the string-course under the clerestory windows still 
exists, under which commenced the roof over the triforium. 
These clerestory windows are single lights with a continuous 
label The south window of the transept is a triple window 
with a single narrow light over it in the gable, the latter lighting 
the space between the vaulting and the roof. The remaining 
square-headed openings below these ranges of windows communi- 
cate between the triforium and a gallery which ran all round 
the building, and was the place whence the draperies were hung 
on such festivals as required those decorations, and formed also 
the means of communication with other parts of the buildings. 

The conventual buildings are on the south side of the church. 
Making our way to those of the earlier buildings, we begin with 
the beautiful chapter-house with its interlaced wall decorations 
tier above tier. Until recently it has always been called a 
chapel, and had rubbish within it to the depth of several feet. 
This is the only portion remaining of the structures commenced 
by Roger de Moutgomery but not completed by him, for the date 
of its erection is certainly not within sixty years of his rebuild- 
ing. It is a beautiful specimen of the semi-Norman or transi- 
tional period, which prevailed only during the reign of Henry 
the Second; before which time Earl Roger had long been dead.t 
There is no record yet discovered by mich we can ascertain the 
designer of this or indeed of any other part of the priory. It 
must have been in the abbacy of Humbald or that of Peter de 
Leja, the latter of whom was promoted to Saint David’s in 1176. 
The walling is very elaborately ornamented with the interlaced 
arcading which has by some been supposed to have given rise to 
the invention of the pointed arch. There are innumerable 
examples of interlacing, but none so elaborate and beautiful as 
this. It is divided lengthwise into three bays by blocks of six 
shafts, these bays again being subdivided each into five spaces 
by columns, from which spring the arches in three tiers inter- 
secting each other in every tier. Almost every shatt has a 
differently-carved capital. Each bay has been vaulted and 
groined with six roll-ribs, which may have been later than the 
walls. The diagonal masonry which fills the arch above the 
arcading ig curious, and I should think of a date subsequent to 
the lower part. The clear size is 51 feet by 28 ft. 6 in. Dugdale 
gives it as 66 feet by 31 feet, and Britton 60 feet by 30 feet. 

The entrauce from the cloister to the chapter house is through 
a recessed circular-headed doorway, which may have been with- 
ont doors, perhaps with a metal work gate, as the capitals run 
through to the inside. There is no way of ascertaining if the two 


* Forty feet wide. Monasticon, v, 75, 


t Vide p. 166 ante. 
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side arches, which are rather narrower, were glazed, because the 
inner portions are broken away; it may however be assumed 
that they were not glazed. In the spandrils were formerly the 
figures of Saint Peter and Saint Paul, to whom the church was 
dedicated when rebuilt. That of Saint Paul is entirely gone; 
but Saint Peter can be identified by his key, which is still to be 
made out. It does not appear to be so early as the chapter house 
by & century. 

The east end has been partly reconstructed, and there is part 
of a shaft remaining in the upper part, which would lead to the 
notion that a window had been there in such a position as that 
it would light above the vaulting. In that case there may have 
been, as was most probable, a Pe ae or library above the 
chapter honse, which was lighted by this window. There is a 
string-course along the south end of the transept, from which a 
roof would lean, meeting the gutter of a roof over this chamber, 
and to which access would be obtained through the triforium 
gallery, where two openings show that they were for ingress; on 
the south side the lowest tier of arches have balls in the hollow 
of the archivolt, similar to the ballfower in application. In two 
of the bays also, as well as one on the north side, the columns 
instead of being of three shafts are of one column, with reveals 
carved into lozenges, with a raised quatrefoil flower in each 
lozenge; these are continued round the head. 

There is likewise on the south side a fireplace inserted, and 
there has been a doorway, the shafts having been cut away for 
the purpose: the former would appear to have been done not 
very long after the original construction. 

It may be well here to allude to an error of importance fallen 
into by Mr. Britton* and others in reference to the string-courses 
from which the columns spring. This has been repeatedly de- 
scribed as a seat, for which purpose it is much too narrow, and 
being also seven or eight feet from the floor, it ia obvious that it 
was altogether above the monks' stalls. There may have been hang- 
ings or coats of arms in the recesses, as the mortices seem to show. 

The origin of the assertion seems to have been derived from 
the author of the letterpress of the ‘ Beauties of England and 
Wales, t and repeated by Britton in his later works; he probably 
never saw it, or be would at ouce have discovered that five feet 
of earth removed would alter the relative levels so much as to 
render impossible such a supposition. The view in the * Beau- 
ties of England and Wales,f shows the entrance buried to 
within a diameter of the level of the capitals of the shafts. 

The great cloister exhibits only bare walls. The string-courses 
show the position of the former roof, by which we see that it 
was not vaulted; they further show the width of the ambulatory. 
The outer wall next the garth is entirely destroyed. There were 
the usual two doorways into the nave, one of which is no longer 
in existence; the other, which opens under the lower part of the 
aisle at the western end, is tolerably perfect. The cloister curi- 
ously diminishes in width toward the west. It is remarkable, 
that in the abbey of Cluny this part of the buildings has a 
similar departure from the rectangular plan. 

We now proceed to the conventual buildings of the Early 
English period. North ward of the chapter house in the cloister 
is the triple groined recess before noticed. It is 4 feet 8 inches 
in clear depth, with the three front openings about 8 feet 
3 inches wide, with corresponding recesses at the back. These 
last exactly match those in the chamber above the crypt of 
the north transept. I am disposed to regard the arrangement 
as purely accidental, arising from the increase of the size of the 
churcb, and the desire to preserve the chapter house, the hne of 
which had to be continued to the former; and with the usual 
ingenuity of the age to which it belongs, the accident was turned 
to account, and something useful and beautiful at once produced. 
It was not the usual position for a lavatory, although, from the 
absence of any indication of it anywhere else, it may have been 
cne; but its most probable use was that of a cupboard where the 
everyday books were kept, this being the exact position one 
would point to as complying with the descriptions of Du ere and 
Viollet le Duc; I therefore am inclined to consider it the “Petite 
Bibliothéque.” It has, in almost all what are technically 
termed straight-joints, which show that all but the main walls 
was built subsequently to the other parts. 


* Architectural Antiq., iv, p. 63. 

t Vol. xiii, p. 200. 

1 Ib., p. 196. 

& Monasticon, v, p. vi. of introduction. 

Ji Dictionnaire Raisonnée de l'Architect. Francaise, i, 258. 
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The masonry and the doorways which now partly fill up the 
original archways are modern, the dressed stones having been 
re-applied from some other part of the building. 

Facing the chapter-house was the dormitory, now altogether 
sweptaway. The guest-house was further to the west; nothing 
remains of it. From the north end rose the stair which led to 
the upper floors containing the dormitories and the chamber 
over the aisle, as well as to the gallery in the triforium, which, 
as there was no upper floor to the ambulatory of the cloister, 
will have been used as rooms, aud the gallery as a means 
of communication. On the south side of the cloister was the 
refectory, two walls of which are yet tolerably perfect. It wasa 
lofty room, too lofty apparently to have had any room over it, 
and it was groined in eight bays; it was thirty-two feet wide by 
eighty-five feet long. A noble room it must have appeared, with 
its lightly moulded ribs springing from carved corbels, while its 
lower part was hung probably with tapestries, or its walls 
covered with frescoes. Among the more distant buildings is 
one that can have been none other than the infirmary. It is at 
pee used as a cow-house. There has been an entrance 

eside it. Of the other buildings there are several rooms adjoin- 
ing the ahbot’s lodging, and on the north side of the smaller 
cloister; these were for offices, and are of early date.* 

The tower at the present entrance has been always called a 
gate-tower; it is necessary however first to prove that the en- 
trance was there. Of this I am not at all certain. There are no 
evidences of any gateway adjoining it, and it may just as likely 
have been a dove-cot. Some of the old walls of the grounds to 
the south are curiously loopholed. At the end of the wall in the 
rear of the abbot’s lodging is an ancient garderobe. 

The abbot’s house, allowing for alterations, is the most perfect 
part of these remains, and is still habitable; ita date however is 
more than two centuries later. It is Tudor—far from being of 
the best kind—and is diminished in extent. The upper floor 
still shows the abbot's refectory or ball, and the withdrawing 
room or parlour beyond. There are indications of a gallery at 
one end of the former. Both these rooms have large corbelled 
pedestals in all the window-jambs, which were intended for ser- 
vice, or side tables to fill the recesses; they do not touch the floor 
by upwards of an inch. The refectory has a water-drain and 
sink. There is also a double cupboard in the divisional wall, 
with ledges for shelves to be fitted in as mentioned for the 
windows. These rooms are accessible from a newel staircase, as 
well as from the open corridor. On the north side of the hall 
were the sleeping apartments On the lower story are several 
rooms thoroughly modernised, and the antique appearance ob- 
literated. 

The chapel is in better preservation, and retains the stone altar 
and the worn steps, which have the marks of the former railing. 
A stone reading-desk was dug out of the ruins some few years 
ago; it is of Wenlock marble, sculptured with late Norman sculp- 
ture; there is only one other known. Parker figures this altar 
and lectern in his glossary.t There is here a small sitting statue 
of a saint, cross-legged, with a crown on her head, and holding 
either a closed book or a bag. This may be meant to represent 
St. Milburg, but it is a carving made long after the church was 
dedicated to St. Peter and St. Paul, and is therefore hardly 
prohable. It may have been intended for Isabel de Sai, Lady of 
Clun. This carving, which is of the end of the thirteenth cen- 
tury, would be more consistent with that view than the other. 
Mr. Planché, at our Congress at Newbury in 1860, informed vs 
that, in his opinion, the representation of cross-legged figures was 
indicative of the person represented having feudal jurisdiction, 
and that this power, and this manner of representing it, were 
not restricted to men. There is a garderobe on the ground floor, 
which is covered by a stone slab of earlier date, with carved 
panelling on the underside. 

Parkerf gives a tolerably accurate description of the abbot's 
lodging, though I cannot subecribe to all his suggestions or con- 
clusions. His plans are not quite accurate. veral writers 
mention a former painting on the walls of the abbot’s parlour; 
one is described to be a representation of St. George and the 
Dragon. : 

The front of the lodging consists of a wide two-storied corridor, 


* Since the Congress, some of the facing bas been removed, and very early doorways 
*have been discovered. 

t Vol. i plate 2. At page 17 it is described as of Early English workmanship, bat 
he correcta this in bis Domestic Architecture. 

1 Domestic Architecture, ili, 339. 
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extendiag the whole length, with continuous ranges of windows, 
which have been glazed on both stories. They are divided into 
bays of four windows by buttresses; the sub-divisions are made 
by smaller intermediate piers and buttresses. The roof, which 
commences from the eaves of the corridor, is enormously high. 
From the lower corridor there are some unusual and curiously 
splayed * squints" into the house; these are large enough to have 
been used for the passing of small parcels, but are more likely to 
have been used simply for looking from the inside to the outside.* 

Of the seals of the priory few have beeu noticed. One is said 
to have been found at Clun Church in 1760, of which no particu- 
lara are given. Willist mentions one of Arms az. 3 garbs, or, in 
pale a crozier, arg. Auother mentioned by Dugdalef is a coarse 
representation of St. Milburga, sitting in a homely dress, with 
an instrument like a two-pronged fork on her right shoulder. 
A later one is a full length, with a book in the left hand and a 
bunch of flowers in the right. A fourth is a seal to a deed in the 
Harleian Collection (83 D, 3) 30° Henry VIIL It is oval, a 
Virgin and Child. Beneath, in two niches, are an armed figure, 
proven St. sorge with the dragon below, and a female figure. 

he reverse is a female half figure with a crozier. The inscrip- 
tions are ‘SIGILL’ RCCL’... .. VALIS. MONACHORYM . D'WENLOK" and 
“ SANCTA . MILBVRGA."$ 

One not hitherto meutioned I have been favoured with by the 
preent possessor, the Rev. T. F. More, of Linley Hall. It is as 
brass matrix coated with gold, and was found at Hopton Castle 
by Colonel L. More, in whose family it has been since retained. 
It consists of a representation of St. George and the dragon, 
within a wesica piscis, two inches and a half long, and one inch 
and a half broad. The figure is beneath a trefoiled canopy, 
which is supported on two slender columns; the wings and h 
of St. George fill the trefoils. It appears to be of the thirteenth 
century. The legend round is “s’ ECCLIE: CONUENTUALIS: DE 
WENLOK: AD CAVS48: TANTUM." The connection of this seal with 
the alleged painting on the wall and the previously named seal 
is obvious. 

In the late Mr. Caley’s collection of Howlett’s drawings of 
ancient seals there were— 

1. The common seal of Wenlock Priory, from a deed of the 
xii. sec, 2. The seal of Prior Humbert, xii. s@c. 3. Seal and 
counterseal of the Priory, from conventaal lease, 28th Henry 
VIIL, in the Augmentation office. 4. From an early charter s. d. 
in the Chapterhouse, Westminster. 5. Seal of Prior John 
um from a charter of the date of 1468 in the Augmentation 

ce| 

The ruins have been subjected to very rude treatment, Mr. 
Moore, writing in 1787, says that many years before, great part 
of the abbey was pulled down to rebuild some houses, and only 
four years prior one of the clustered pillars of the church was 
nearly levelled, and a cart was waiting to take it away. To the 
eredit of the late Sir Watkin Williams Wynn it should be 
observed that he, as well as the subsequent ownera, put a stop to 
further depredations. 

In the grounds on the east of the church I observed a heap of 
worked stones gathered from the ruins, and on looking over these 
I discovered one which had been part of a base; on the upper 
surface were some very beautifully incised lines of Pony English 

i 


mouldings, which illustrate the subject of ancient architectural ' 


drawing; tbe lines show that they were cut as moulds, and not 
for the purpose of the stone itself; indeed they extend beyond 
the points where they could have been available, and there are 
other mouldings neither connected nor applicable. T believe this 
to be the ouly instance of the kind yet discovered. 

There, alao, I found a comparatively rare example of paving 
tile, a small portion of simply incised pottery. There are many 
pieces of tiles scattered about the ruins, bearing representations 
of shields, animals, aud various emblems: one, two inches and 

uarters square, has a representation of the moon’s face in 
incised lines; the tile 13 red. 

There are no fish-ponds to be seen; indeed they seem to have 
been long destroyed, but there are appearances of some to the 


. * Parker, in his account, altogether avoids men'ioning these, although he shows them 
in hi» plan. The scale uf my plan is too small to show them. The front of the Bab- 
lake College pee ap^ hasa very similar two-storied corridor, with a similarly dis- 
ioned roof. This is figured in the sixteenth part of Dollman and Jobbins’s 

“analysis of Ancient Domestic Architecture.’ 

¢ Mitred Abbeys, ii, 192. 

i es v, T4. 

The drawings, upon the death of Mr. Caley, were purchased by Mr. Thorpe, book- 
seller, in Plocadilly , aud by him dispersed vo various purchasers. 
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east of the abbots lodging. Leland, in his Itinerary, folio 182, 
relates that there was formerly a little brooklet running west 
from the hills through the town, and called Rhe, which ran into 
the Severn two miles distant. 

Of the Priors of Wenlock, the following is a list compiled from 
tbe most perfect as given by the Rev. Mr. Eyton:— 


Evidences of 


Commenced. tonure occur Terminated. 
Peter P — 1120 Dus ere — 
n 1139) 
Rainauld es — 1148 ( — 
Humbald, or 1155 1168, seceded to 
W ynebald 22 1160 Paisley* 
(Interregnum.) 
; TN 1176, promoted 
Peter de Leja... Hs — de to St. David's. 
Henry "E — ses — E - — 
1192 
Robert ms — s 1194 ee ne — 
1198 : 
Joybrt |... — 2500 } 1216, died 
Humbert, or ; 
Imbert e Lus m" 1221 1260, died 
Aymo de Montibus 1261 1263 ses .. 1272, died 
John de Tycford, 1272 _ = 
or Thifford no ess se 
Henry de Bonville 1285 — "- 
1292 
bas Me — 1308 1319-20 
wycard de Caro us 
Loo 1320 1344 
Humbert ... = 1348 — 
Henry deMyonna, 1360 m 
or de Chay Te 1362 
Otto de Floriaco — 1871 — 
William de Ponte- 1379 = 
fract m 
Roger Wyvi — 1395 ? 1397 
John Statford 1397 1422 — 
William Brugge — 1435 1437, resigned 
Roger Barry 1438  .. — vv ... 1462, died 
Roger Wenlock 1462... — ove "LL 
John Stratton 1468  .. — ou RE 
John Shrewsbury 1471  ... — 1482, resigned 
Thomas Sutbury 1482 1486 2 saot 
Richard Syngar, 1521, super- 
tichard Syngar, | 1485 M89 .. | dice 
Roland Gossenell 1521 1526 he Fade Em 
1540, surren- 
John Bayly 1527 ..  — m pe oem 


Christmas Day, 1558, died. 


The site, says Mr. rud was granted to one Augustinis, 
whose name bespeaks him a foreigner. He was, perhaps, one of 
the king's physicians, He sold it in 1545 to Thomas Lawley, 
whose descendants again disposed of it to the family of Gage, 
from whom it passed to Sir J. Wynn. It is now owned by 
J. M. Gaskell, Esq., M.P. 


—— —,59—————— 


THE RAVAGES OF THE LIMNORIA TEREBRANS ON 
CREOSOTED TIMBER. 


By Davip Stevenson, F.R.S.E., M.I.C.E. 

Tue following is an abstract of a very useful paper recently 
read before the Royal Society of London :— 

The author stated that it would be difficult to estimate the value 
of any chemical or mechanical process whereby timber might be 
rendered permanently impervious to the ravages of Limnoria tere- 
brane, that small but sure destroyer of timber structures exposed 
to the action of the sea. 

The ravages of that crustacean were first observed in 1810 by 
Mr. Robert Stevenson, the engineer of the Bell Rock Lighthouse, 
in the timber supports of the temporary beacon used by him in 
the erection of that work. Having forwarded specimens of the 
insect, and of the timber it had destroyed, to Dr. Leach, the emi- 
nent naturalist of the British Museum, Dr. Leach, in 1811, 
announced it as a “ new and highly interesting species which had 
been sent to him by his friend Robert Stevenson, civil engineer, 
and assigned to it the name of Limnoria terebrans (Linnean 
Trans., vol. xi. p. 370; and Edinb. Ency., vol. vii. p. 433). 


* Paisley was one of the priories affiliated to Weulock, 
48 
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The Teredo navalis, which was a larger and even more de- 
atructive enemy, was happily not so prevalent in northern seas as 
the Limnoria. 

Experiments made at the Bell Rock by Mr. Robert Stevenson 
extending over a period of nearly thirty years, the detailed 
account of which was given in Mr. Thomas Stevenson’s article on 
Harbours in the ‘Encyclopædia Britannica,’ had clearly proved 
that teak, African oak, English and American oak, mahogany, 
beech, ash, elm, and the different varieties of piue, were found 
sooner or later to become a prey to the Limnoria. Greenheart 
oak was alone found to withstand their attacks; and even this 
timber was said in some instances to have failed. 

Mr. Stevenson’s experiments also included the testing of the 
artificial processes of Kyau and Pain, the former being an injec- 
tion of corrosive sublimate, and the latter of proto-sulphate of 
iron. Timber prepared by Kyan’s process was attacked in two 
years and four months, and in four years and seven months was 
quite destroyed. Timber prepured by Payne's process was 
attacked in tem months, and destroyed in one year and ten 
months. 

The justly approved creosote process, patented by Mr. Bethell, 
had been largely employed in railway works, with universally 
admitted success ; and, in common with many of his professional 
brethren, the author adopted it in several marine works, in the 
expectation that it would prove an antidote to the Limnoria; but 
having now ascertaiued beyond all doubt that creosote was not a 
universal or permanent preservative of timber used in marine 
works, the author proposed in the present notice to state briefly 
the facta on which this opinion was grounded. 

Before doing so, however, he wished it to be distiuctly under- 
stood that he did not undervalue Mr. Bethell’s highly important 
invention as a preservative of timber against all ordinary decay 
incident to railway sleepers, timber viaducts, and indeed all 
timber structures not exposed to sea-water infested with the 
Limnoria terebrans. His remarks referred exclusively to its 
application for niarine works below half-tide level. Forall other 
classes of works he believed it to bea most valuble preservative. 

In 1859, in a discussion which followed a paper on the “ Per- 
manent Way of the Madras Railway,” at the Institution of Civil 
Engineers, the author first stated that there were distiuct 
evidences of the attack of the Limnoria terebrane ou creosoted 
timber used at Scrabster Harbour, in Caithness; while Mr. 
Bethell the patentee, and others, expressed their conviction that 
creosoted timber could not be perforated by any worm or insect. 

Subsequent experience and observation have satisfied the author 
that the statement which he then made was correct ; the fact, 
as now ascertained, being that thoroughly creosoted timber is, in 
certain situations, readily perforated by the Limnoria terebrans. 

The first instance to which he referred was the pier at Leith, 
which was executed about 1850, by the late Mr. Rendel. The 
whole of the timber employed was crevsoted on the spot in the 
most careful manner. As the piers at Leith were washed by a 
constant admixture of fresh water from the Water of Leith, the 
author expected that the progress of devastation at that place 
would be so slow as to be hardly appreciable on creosoted timber. 
But having carefully examined the West Pier, he corroborated 
the evidence given hy Mr. A. M. Rendel in 1860, before the 
Select Committee on Leith Docks Bill, that notwithstanding the 
most careful application of creosote, the timber work has been 
attacked by the insect to a great extent. 

The secoud case to which he referred was Invergordon. Two 
steamboat jetties were constructed at that place from deaigus by 
Mesars. Stevenson. It was generally represented that there were 
little or no traces of marine insects in the Cromarty Frith, and it 
was resolved that it was a situation peculiarly suitable for 
employing timber pile-work protected by creosote. The timber 
used in the work was carefullv selected at Leith, and dressed to 
the necessary scuntlings and lengths, so as to avoid all cutting 
after it had undergone the process of creosoting, It was then 
ereosoted by an agent seut by Mr. Bethell for the purpose, at the 
sight of a careful inspector employed by the engineers. Every 
piece of timber was weighed before being put into the tank, and 
the process of creosoting was continued until each piece had 
received, as nearly as possible, the specified quantity of 10 lb. of 
oil per eubic foot. Some experimental pieces were from time to 
time cut longitudinally, when it was found that the creosote had 
entered the ends of the logs 18 inches to 2 feet, and that it had 
saturated the timber some two or more inches all round. No 
greater precautions could possibly be nsed to insure perfection in 
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carrying out the process, which involved an additional coat of 
about £450. The jetties were erected in 1858, and now the 
superintendent’s report was, “ that the blackened or creosoted 
portion of the timber ia very much eaten and perforated. The 
timber perforated is just as it came frum the creosoting tank, 
never having been cut. There is 14 inch wasted on some of the 
piles that have been perforated.” 

The third case to which he referred was Scrabater, which was 
also constructed under Messrs. Stevenson’s directions. The tim- 
ber employed in this instance was selected Memel of first-rate 
quality; it was carefully creosoted at Glasgow. On cutting up a 
timber that had been attacked by the Limnoria, it waa found that 
the creosote had fully entered at the ends, and saturated the 
sides, and yet it was discovered to have been attacked after it 
had only been exposed thirteen months,—the insect perforating 
the blackened timber The whole of the creosoted portion of the 
timber work was now more or less worm-eaten and destroyed. 
Mr. Leslie had also directed the author's attention to similar 
results at Granton and Stranraer, at both of which places the 
creosoted timber had been perforated. 

The author held that these instances were enough to prove that 
the failure was not peculiar to one spot or one isolated case. Ifit 
was said that the timber used at these places had not been properly’ 
creosoted, it might fairly be concluded, that if the process, even 
when conducted in the pateutee’s own works, to the satisfaction 
of careful inspectors, was so difficult and uncertain in ita results, 
its general applicability would be greatly injured. All newly 
creosoted timber, whether it was well or ill done, presented the 
same appearance externally; and it was only by weight that 
the completeness of the saturation could be judged of ; and if care- 
fal weighing before and after the timber had been creosoted was 
not to be held as an ample and satisfactory test that the process 
had been properly conducted, it seemed hopeless to expect that 

rfect satisfaction could be attained. But it was so far fortunate 
or Mr. Bethell’s system, that it was not needful in the cases to 
which allusion had been made to call in question the extent of 
saturation which his process secured when properly executed. 
The timber at Serabster and Invergordon, and he believed at the 
other places named, was undoubtedly thoroughly and properly 
saturaled; and the author said that the explanation of the failure 
was to be found in the fact, that the Limnoria perforated timber 
which had been thoroughly creosoted and blackened—a fact which at 
once disproved the assumption, hitherto so generally made, that 
the poisonous nature of the creosote would prevent the insect 
from attacking it. As the Pholas perforated stone to procure 
shelter, the Limnoria might excavate timber for the same purpose, 
and obtain its food from the minute avimalcule with which the 
water of the ocean was charged. Dr. Coldstream, in his elaborate 

aper on the Limnoria iu the * Edinburgh New eee 
Fonrnal? for April 1834, had concluded that the Limnoria fed on 
the timber, and not on animal substances; but even if this were 
80, there seemed no reason to conclude that creosoted timber 
could not be eaten by insects, on account of the poisonous nature 
of the preparation employed. The author stated, that it had been 
ascertained that there were insects that lived and fattened ou food 
that was to man a deadly poison. In the ‘British Medical 
Journal? for April 1862, there was au interesting notice on the 
subject. Mr. Attfield had there shown that substances which are 
intensely poisonous to the higher animals do not affect Acari, 
which he found not only readily ate, but actually fattened on 
strychnine, morphine, and other deadly poisons. But the author 
stated that the specimens which he had laid before the Society 
proved conclusively that creosote does not act as a poison in 
preserving the timber, because it could be seen that the Limnoria 
were embedded in wood still highly charged with creosote. 

After carefully cousidering the subject, the author had no 
doubt that the process of creosoting preserved timber from the 
attack of marine insects only eo long as the oil existed as a film 
or coating on the outside of the timber. Whenever the attrition 
caused by the motion of the sea removed this outer film or 
coating, and exposed the fibrous surface of the timber, the insect 
would then attack and perforate it, whether it were creosoted or 
not, its search being for a fibrous substance in which to burrow. 
The time that might elapse before the timber became assailable 
to these insects depended on the situation. Wherever there was 
little abraiding action of the sea, the exterior film of creosote 
might be longer preserved; and where there was a considerable 
admixture of fresh water to check the growth, or at least the 
avidity of the insect, the effect of their ravages might be more 
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ual, or, in some situations, almost inappreciable. But the 
result of the author's observation and experience led him irresis- 
tibly to the conclusion, that on the northern shores of the country, 
where worka are exposed to the open sea, creosoted timber wss 
readily perforated by the Limnoria, and could not be safely 
employed in any important part of a marine structure at or 
below half-tide level, a fact of great importance to the civil 
engineer. 

———— 3" Ér.—  —— 

ON THE FORMATION OF A NATIONAL MUSEUM 
OF ARCHITECTURE VIEWED IN CONNEXION 
WITH ITS BEARINGS UPON MEDL/EVAL ART.* 

By Georar GiLsERT Scorr. R.A. 

Havina been somewhat actively concerned in the first estab- 
lishment of the Architectural Museum; and the collection there 
made having been, either temporarily or permanently, deposited 
in the hands of a Government department, who are supposed to 
bave in contemplation the formation of a National Museum of 
Architecture; I have thought it not out of place to offer some 
suggestions as to what such a National Museum ought to be; hut 
in doing go, to direct my attention more particularly to that part 
ofit in which I feel most interest, —that which would illustrate 
the architecture and the arts of the Middle Ages. 

À museum may be defined as a depository in which objects 
illustrative of science and art are collected and exhibited for pur- 
poses of instruction and study. 

Ite great uses are to facilitate the studies of those who cultivate 
the arts and sciences which they illustrate. and to excite interest 
in them in the minds of others. They have alsoa secondary use, as 
being places where objects of interest, which would otherwise be 
likely to be lost or dissipated, or to perish from decay or other 
causes, may be cared for and permanently preserved. 

When the museum is public or national, it performs, or should 
peo these duties on a grand scale, and for the use aud 

nefit of the public. 

Limiting our consideration to a museum of art, I would say 
that its directors ought to devote their energies primarily, to 
collecting such objects as are worthy of tlie study to the practical 
student of art, and as would tend to form the public taste upon a 
true and healthful standard. Secondarily, to the illustration of 
the history of art in its various schools aud periods; and, thirdly, 
to the conservation of such movable specimens as would other- 
wise be in danger of being lost or destroyed, provided such works 
are of actual merit, or of value as bearing upon art-history. 

Concentrating, again, our attention upon architecture and its 
subsidiary arts, le& us endeavour to apply to it the general rules 
above stated. An architectural museum should illustrate the 
history of architecture; and it is hard to conceive of anything 
more interesting than a collection which would really and hon- 
estly perform so noble a duty. 

Ths history of architecture is the history of the world; it is the 
history of the changing power and dominion of races and nations; 
it is the history of human thought, and of the growth, the fluc- 
tuations, the decay and the revival of human civilisation; and 
worthily to illustrate such a subject would be indeed a noble 
undertaking! This should not, however, be the primary aim. 
The great and vital object to be aimed at is the actual promotion 
of art amongst ourselves; and it is to this object that the best 
energies of iles engaged in such a work sbould be directed. In 
the first place, it is pretty obvious that while illustrating in their 
degree other classes of architecture, such a museum should be 
mainly devoted to the two great classes of architecture which are 
actually practised amongst ourselves, and which are familiarly, 
though somewhat unmeaningly, known as “ Classic" and 
“ Gothic." . 

It may be asked why these two classes of art should be selected 
from among the multitude which have prevailed in different ages 
and countries. Is it merely from the accident of their chancing 
to,be practised by us at the present day? By no means, The 
reasons are founded both upon history and upon intrinsic merit. 
Classic architecture founds its historical claims, firatly, upon the 
great fact that it originated among those nations of antiquity 
whose glorious privilege it was to unite in one main channel the 
several streams of the civilisation of the ancient world, to collect 
and concentrate all that was worthy of perpetuation in its pre- 
vious course, and to bring it, with its arts, sciences, and litera- 


* Read at the Architectural Museum on the 17th ult. 
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ture, to the highest perfection which they attained; and, 
secondarily, upon the fact, not much less important, that what 
remained of the civilisation of these favoured nations of antiquity 
supplied the germ from which a second civilisation sprang—that 
of which we now enjoy the blessings. hE gee 

Gothic architecture, un the other hand, founds ita historical 
claims on the fact that it is the indigenous architecture of that 
family of nations to whose custody that new civilisation was 
committed, and that it belongs to ourselves as a leading member 
of that family; and that, though it has for some centuries been 
superseded by the revived Aieblteeture of the ancient world, it 
is now, in its own turn, revived by those nations among whom 
it originated, and is familiarly used by them side by side, and on 
equal terms, with that which had for a time supplanted it. 

I will not dwell upon the former of these branches of art, but 
will now concentrate my attention upon that in which I per- 
sonally feel the greatest interest; and the illustration of which 
through the medium of a national museum is the subject of my 
present paper. . 

I will first state what often seems to be lost sight of; that it 
was not the historical claims of this style of architecture—strong 
though they are—which brought about its revival. Its oppo- 
nents often seem to suppose the converse of this, and to think that 
by directing their arguments against those claims they shall 
undermine à movement, which, gloriously supported though it is 
by historical claims and associations, originated wholly in an 
appreciation of the merits and beauties of the architecture, and 
its suitableness to our wants, On this subject, however, I will 
not dwell further than to say, that if you do not feel the beauties 
and perceive the intrinsic merits of this wonderful style of archi- 
tecture, I fear it would be hopeless for me to attempt to convince 
youofthem. Ifyou wish to know my views on this point in de- 
tail, I will take the liberty of referring you to the first and the last 
of my lectures at the Royal Academy. They are reported in the 
Civil Engineer and Architects Journal, and elsewhere, in March 
and April, 1859. 

Now let us digress for a short time to consider what are the 
meaus by which a practical art-like architecture is to be most suc- 
cessfully learned, and its advancement best promoted. 

Architecture, it should never be forgotten, differs from the 
sister arts of sculpture and painting in this great and most 
important quality: that its productions are not the actual 
handiwork of the leading artist himself, but that it unites under 
its banner not only its two noble sister arts themselves, but also 
an almost innumerable train of subsidiary arts, each of which 
contributes its quota towards the perfection of the architect's 
work, and vies with others in rendering it noble and magnificent. 
When we speak, therefure, of architectural instruction we mean 
not only that of the architect himself, but of all the artists who 
work under his banner. 

It is a general fault in England, at the present day, that those 
who follow a practical art take too low a view of its artistic 
as distinguished from its practical element. Thus, with our 
manufactures, the workmanship is often excellent, the taste very 
rarely so. Our artisans are often giants in mechanical skill, but 
pigmies in art. 

The same has been the case with the arts subsidiary to archi- 
tecture; and, though a great revival has taken place, those who 
have advanced the most best know how great is still the need of 
reformation. 

This reformation must however begin at the fountain-head. The 
same precedence of the mechanical over the artistic which has 
obtained amongst our manufacturing and our architectural work- 
men has existed also amongst architects themselves. Wedo not 
wish to be less practical—far from it—but to be more artistic; 
and, if we aim at raising the arcbitecture of our day as an art, 
we must begin by giving a more distinctly artistio tone to the 
education of our architects, The absence of any recognised and 
defined facility for obtaining the class of instruction required to 
supply this very general need is one of the greatest hindrances 
to the advancement of our art. The Institute of British Archi- 
tects have been considering for a long time past the organising of 
a severe examination of young architects; but they bave never, 
to my knowledge, taken any step to aid their education. The 
junior institution (the Architectural Association) have in some 
degree taken the matter up, and have established classes for 
mutual improvement : a step worthy of all praise, and the fur- 
therance of which merits the serious attention of every lover ot 
architecture. 
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If there are present any students of architecture, let me 
earnestly nnd seriously press this subject upon their attention. 
In an architect's office you can learn the more mechanical and 
business-like parts of your art, and you there—and there alone— 
learn the pe rem, of such artistic skill as you may poasess to 
actual and practical work; but that artistic skill itself must be 
acquired elsewhere, and by your own individual exertions I 
wish it however to be distinctly understoo that the artistic skill 
I aw speaking of relates to applied, not pictorial art; that which 
will make your buildings noble works of art, as distinguished 
from that which only enables you to make pleasant pictures of 
them. This last-named clasa of art is not to be despised. It will 
further vour interests; if you are also an artist, in the higher and 
more practical sense, it will do good by commending your good 
designs to public favour; while if you fail in skill of this higher 
ees it will do great harm, by obtaiuing favour for your bad 

esigna. 

hen real architectural art was highest, this pictorial power 
was not much cultivated. It is not infant architectural skill, but 
only the ineans of promoting the adoption or the approval of 
your designs, whether good or bad. As bad designers often 
posseas it, or can obtain ita aid, do not by any means neglect it, 
or you will give them an advantage over you; but always 
remember that, like eloquence, it is a mighty engine of good or 
evil, according as that which it commends to popular favour is 
noble or vile. 

The artistic power, however, which I am urging you to culti- 
vate is the power of making noble designs, and of clothing them, 
when circumstances permit, with noble decoration, whether in 
the form of architectural carving, sculpture, painting or other 
decorative art. The first part, the parent of actual architectural 
design, cannot be acquired without the most careful, determined, 
and continued study of existing works, accompanied by a con- 
stant, though not a self-confident, criticism of their merits and 
their faults. It is ridiculous to suppose that such an art as 
architecture is to be learned without the most careful study of its 
existing productions, or that originality is likely to be developed 
upon a basis of ignorance; and it is equally unlikely that excel- 
lence will be attained solely through the medium of knowledge, 
without the most jealous and careful training ofthe eyeto the most 
delicate and scrupulous perception of the right and the wrong in 
form and proportion. The want of this is the most crying sin in 
inodern architecture, especially, I fear, in this country. Continu- 
ally ia the more cultivated eye offended by discordes which in 
music would set the very teeth on edge. I know not how to 
advise you on this point. This delicacy of perception is in some 
degree intuitive; but that it is not wholly so is proved by the fact 
that the works of some periods are nearly all harmonious, while 
at other periods this harmony seems only occasionally to have been 
attained. The only rule I can suggest is the jealous cultivation 
of the eye. As the greatest of moralista has said, “Keep thy- 
heart with all diligence, for out of it are the issues of life;" ao 
may one say to the architect. '* Keep thine eye with all diligence, 
for out of it are the issues of art.” Never allow your eye to get 
accustonied to, or to condone, errors of proportion even, in works 
which in other respecta you venerate for the noble art which 
clothes them; aud much less allow of any deliberate error in your 
own designe. To avoid tbese blemishes, sketch your designs 
over and over again, no matter how slightly and roughly, rejec- 
ting rigorously everything against which the eye rebels, and 
never permitting a proportion which it has once condemned to 
remain even for a minute before you; for ocular perception is 
most delicate, and ite instincts may be blunted by dwelling even 
for a few seconda upon what its first impression saw to be wrong. 
Never clothe a form with detail or with pleasant drawing till its 
proportions have been thoroughly sifted and rigorously corrected; 
And if you fear that you have, by dwelling too long or too indul- 
gently upon what you have sketched, prejudiced your eye in its 
avour, put it away, and attend to something else, or take the 
opinion of some unprejudiced person in whose correctness of eye 
you have confidence; for first impressions of another will often 
carrect your own. 

As to obtaining a knowledge of architecture, I cannot too often 
or too strongly urge careful sketching from first-rate examples. 
The student of Classic architecture is under a disadvantage, as its 
original aud best examples are in other lands; but with those who 
pursue the other great branch of architectural art, the case is very 
different ; for though, in most parts of Europe, he will find con- 
staut and ever-varying objects of study, he can never go far from 
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home without finding among the monuments of our own country 
productions equally deserving avd equally instructive. To the 
student, then, of Gothic architecture I would concentrate my 
advice on this point in oue word—' SKETCH.” Aud if anyone 
advises the neglect of this, I assure you that he stands ipso facto 
self-condemned as a false teacher. 1 want you, however, to add 
to this a great deal more. I want you to obtain distinct and 
precise instruction in art in all its bearings upon architecture. I 
want to urge upon you to study figure-drawing, animal-drawing, 
the drawing of foliage whether natural or architectural, the com- 
bination of figures and animals with foliage, the designing of 
coloured decoration in all its branches, and of every other decora- 
tive art which bears upon architecture. I wantto urge upon you 
the necessity for the systematic learning of all these kiuds of 
drawing, and the obtaining of a perfect mastery of them ; and not 
only this, but that you should learn, in some degree at least, the 
actual practice of these arte. Human life is not long enough to 
do the latter thoroughly; but now, in the days of your youth, you 
can do it to a certain extent, even at the sacrifice of a few frivolous 
amusements. You have embarked on a noble art,—wake ita 
cultivation take the precedence of all inferior pursuits. To effect 
this, I am disposed to think that combination is necessary. A 
society of students might be formed, and aided bv otbers, for ob- 
taining the best iustructors in all these branches of art, which each 
student singly would find impossible. I earnestly commend this 
to your united consideration. And above all, do it at once, or 
your own individual share in the coming reformation will be lost. 

I will only add one piece of advice to young architects :—Do 
not make opinion a substitute for art. There is at all times an 
ever-varying set of opinions afloat aa to matters of art ; and those 
who ride on the wave of the last-received opinion of their party, 
be it good or bad, are apt to be viewed by themselves and their 
companions as oracular, quite irrespective of their own attainments 
or skill. What I would, then, say is this :—Hold what opinions 
you like, so long as you make yourselves artists, and you will 
come right in the end ; but hold what opinions you like, if you 
neglect to make yourselves artists, you will never be good for 
much. 

I will add another suggestion. Never let your appreciation of 
the demerits of the present age in matters of art lead you intoa 
sneering, supercilious, and contemptuous way of speaking and 
thinking of what you see ; but rather let it impel you onwards all 
the more vehemently in making yourselves exceptions to the cen- 
sure you pass upon others. We continually hear persons speak- 
ing in a discontented and hopeless tone of contempt of what 
others are doing, without exhibiting any very strong signs of 
exertion to acquire real powers of art themselves, I urge you to 
reverse this habit, and learn to think kindly and favourably of 
the efforts of others, while you keep up a rigorous censorship over 
yourselves. And make all you see in others, whether of succes 
or of failure, act as only so many incentives to the determined 
pressing forward of your own artistic training. 

What I have urged respecting the artistic education of the 
architect himself, applies almost precisely to that of the archi- 
tectural art-workman. He has an easier task, because his efforts 
are concentrated upon a single art ; while, on tbe other hand, he 
suffers severely from his very limited facilities of obtaining in- 
structions and of seeing objects wortby of his study. The aim, 
however, is precisely the same; and I would say to the art-work- 
man, as to the architectural student, make yourself really an 
artist; jealously cultivate a delicate accuracy of eye; diligently 
study the finest productions of your art in ita beat days; and add 
to all this (or I would rather say, unite with it, and thoroughly 
mix up with and knead into its very substance) a constutt 
devoted, and loving study of the productions of nature, whet vr 
animal or vegetable. 

I think, with art-workmen as with architectural studente, be 
greatest hope of obtaining a real artistic training would be in 
combination for self-improvement—a elubbieg together to obtain 
instructions in drawing, &c. I would especially urge the cultiv- 
tion of figure and animal drawing. In this our carvers, &c. ar 
the most deticieut, and tothisthey should direct their best attentiox: 
not so much with the direct object of becoming figure sculptors 
as to facilitate the free introduction of animal life in combina 
tion with architectural carving, a power which our best carver: 
very rarely possess, but which is absolutely necessary to tbe 
perfectiug of their art. 

Now with the actual student, as distinguished from those wh: 
have made a certain degree of proficiency, there can be no dou! 
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that the best training is frequent and careful copying (whether by 
drawing, modelling, or carving) from models of undoubted merit. 
Every art is acquired iu the first instance by submitting p aired 
to routine: no one would believe that the mechanical drilling 
which a soldier has to go through would do much to teach him 
actual fighting, yet it is found practically that success absolutely 
depeuds upon it; and so well did the ancient Romans know this, 
that—as Gibbon, I think, remarks—they called their army by a 
name not derived from their ultimate duty of fighting, but from 
their preparatory duty of exercising. 

No one, again, would believe that the dumb-show called “ posi- 
tion drill” would make a man a good rifle-shot; and a thousand 
parallel cases could be instanced to show how skill in any pur- 
suit is to be attained by submitting for a time to what may be 
accounted as drudgery. Art is not an exception to this rule, and 
I would recommend ita younger students (and perhaps others, if 
they have not already passed through the ordeal) to put them- 
selves through a diligent course of the most careful drawing or 
modelling from the best examples they can find, before they 
venture upou a freer line of study. By this they will attain a 
correct appreciation of truthfulness of line and of the importance 
of precision of detail, and they will find that it will dy facili- 
tate their future and less mechanical studies, aii m the end 
promote, rather than fetter, originality. . 

It may appear that I have been departing widely from the 
subject of my paper; the very contrary is the case. It is useless 
to treat of what a museum of architecture should be without first 
considering its necessity, and the uses it is to serve. I think what 
Ibave ne respecting the art-education of architects and archi- 
tectural workmen will make this pretty clear. 

Architectural students may, it is true, visit the actual build- 
ings which contain the objecta of their study: they must do so 
indeed, and they do it; but, even with them, it is impossible to 
do this so often and so systematically as to form the staple of 
their studies. They need, in addition to this, facilities for con- 
stant practice and self-tuition ; they want a place where they 
may continually refer to the finest examples, where they may 
pursue their studies and practise their hand and eye continually, 
and on all occasions when a spare hour is at their command. 

And if this is so necessary for the student of architecture, —nay, 
for the architect himself,—how greatly more pressing is its ne- 
cessity to the art-workman! Instead of wondering and saying 
ill-natured things about the deficiencies of our carvers, &c., it 
seems to me half miraculous that they should be able to learn 
their arts at all. Those who have aimed at Classic art would 
never have seen its original productions at all, were it not 
for the specimens collected in museums; and even those who 
follow the Gothic revival, though its original productions are 
around us, have usually neither time nor money for visiting any 
bat those buildings immediately within their reach. This is still 
more emphatically the case with the young apprentice. His time 
is not at his own disposal, and the only opportunities he has for 
self-improvement are his evenings. 

The formation of the Architectural Museum in 1852 was the 
first and has been the only step taken to aid him. Till we, the 
architects, who every day of our lives witnessed and experienced 
this pressing need, came forward ourselves to supply it, nothing 
was done to aid the neglected architectural workman, and to this 
moment we, iu the main, stand alone as his helpers. 

I do not wish to boast of what we have effected, but it would 
be unjust to our great cause to abstain from asserting that the 
pa done by the formation of the Architectural Museum is 

yond all calculation. From the time it was first opened in 
Canon Row, the improvement in architectural carving became 
most marked and indisputable; and the same influeuce for good 
was visible among such architectural students as availed them- 
selves of it. Its influence has been somewhat reduced by the 
remoteness of its present habitation, but it still continuea; and I 
think I see means of meeting this unavoidable disadvantage. It 
was our limited funds which led us to take up our quarters at 
South Kensington, and the same course has rendered us powerless 
to resist a series of circumstances which have brought us more 
directly than at first under the régime of ita autocratic govern- 
ment. If that governing body should take up our work for us, 
and carry it out with a true appreciation of its importance and its 
necessity, we need not feel ourselves annoyed at the transference 
of our powers and our labours to a body so richly endowed with 
worldly goods. I warn them, however, with all seriousness, of 
the responsibility they incur. They have done their utmost to 
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render practically powerless a body of men who, at a great sacri- 
fice of time and money, have come forward to a work of the most 
urgent necessity, which the Government had always refused to 
do. They have the pecuniary means for carrying on this great 
work. If they neglect to do it, if they do it inefficiently, and if 
they refuse the aid and advice of those who have launched the 
Museum into existence, they are, in their own individual and 
personal reputation, answerable to the public and to posterity for 
the consequences. If, on the other hand, they will take it up in 
all honesty and heartiness, I can only say that we shall rejoice to 
aid their efforts in every ible way; and that they will, person- 
ally as well as collectively, earn the lasting gratitude of all who 
care for our noble art. 

I cannot however omit here, respectfully, though in the moat 
emphatic and in the strongest manner, to protest against an 
attempt to dismember our collection, otherwise than with the full 
permission and consent of those who have formed it. A collec- 
tion like this must of necessity require periodical revision. That 
revision, however, must be effected by, or in full consent with, 
those who made the collection. I have personally taken an active 

rt in doing this, and I will never consent to bave it dismembered 

y parties who have taken no part in ita formation. 

I farther enter my firm though respectful protest against any 
attempt to prevent us from increasing our collection as heretofore. 
Was architects have continual opportunities of adding specimens 
to our collection, and I protest against any attempt to deprive us 
of the power of doing so. I have no objection in all these matters 
to mutual and friendly co-operation, but I will never conseut to 
abdicate our powers ob adding to our store so long as we exist as 
& committee, and continue possessors of the collection. It is our 
best and our dearest privilege, and it will be treason to our cause 
to relinquish it. 

In illustrating architecture through the medium of a museum, 
I should lay down, as a primary and fundamental rule, that it 
must mainly and ou strict principle be effected by representations, 
rather than by collecting the actual works of art themselves. 
There are exceptions to this; but in case of each of such exceptions 
the onus lies upon the collector of proving the propriety and law- 
fulness of his departure from the rule, and of clearing himself of 
the charge of encouraging spoliation. Architectural objecta belon 
to their own sites; and even where severed from their ac 
position in the building of whieh they formed parts, they ought 
as a rule to be preserved either on its site or in its vicinity, that 
their local associations may not be loat. 

I call special attention to thia, because I fear that a feeling exists 
in the minds who direct our national collections that plaster casts 
are worthless and contemptible objects, and are almost unworthy 
of admission ; whereas, on the contrary, it is the actual objecta of 
art that demand apology; and I will boldly say that any actual 
architectural objects in our own museum I would gladly see 
returned to more local habitations, if such can be shown to exist ; 
and, at the risk of being pronounced a barbarian by the curators 
of the British Museum, I would almost go so far as to say that I 
should feel a satisfaction in learning that the Elgin marbles were 
to be restored to their places in the Partheuon, and that our great 
Museum should be content with casta of these glorious master- 
pieces ok art, though perhaps made in some material more durable 

plaster. 

I will roughly classify the objecta to be illustrated as follows :— 

1. Actual architecture, by which I specially mean stouework, 
whether in the form of mouldings or other mechanically-formed 
details, or of architectural carving. 

2, Sculpture forming a part of, or intended expressly as an 
accompaniment of, architecture. 

3. Woodwork forming & part of, or connected with architecture. 

4. Metal-work belonging to architecture. 

5. Architectural decorations, whether inlaying, mosaic work, 
painting, or other cognate form of art. 

6. Painted glass. 

7. Pavements, whether of tile, mosaic work, or otherwise. 

8. Monumental slabe, whether as brasses, incised sculpture, 
or inlaid stones. 

9. Miscellaneous objecta. 

Each of these classes includes all its chronological and national 
varieties. 

On the first class (actual architecture) I will first remark that 
it is not, as a general rule, necessary to go very far in illustrating 
its more mechauical forms, such as mouldings, &c, though a 
collection of them belonging to buildings of different datea 
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would be highly useful. Generally, however, the architect may 
study these sufficiently from the actual buildings, and their 
sections can more accurately be represented on paper than in 
plaster. It is, however, of the utmost importance to obtain casts 
of them wherever they come in contact with sculpture or foliage, 
and where they are enriched in any degree by carving. Thus, 
where:a cast is made of a capital, the abacus, a portion of the 
shaft, and perhaps a short length of the arch mouldings which it 
sustains, should in many cases be cast with it, so as to illustrate 
it as a whole, and that the art-workman or student may see the 
carved work in connexion wilh its natural accompaniments. 
Again, where certain orders, or parts of arch mouldings, are 
enriched with carving or sculpture, those not so enriched should 
be represented with them, that the grouping of the whole should 
be represented, and the mutual influence of the plainer and more 
ornate parts one upon another may be illustrated. 

I have thought it necessary to premise with what is properly 
only a matter of detail, by way of limiting the vastness of the 
field which is open to us; for, ao endless is the variety of our 
style and the richness of its resources, that a collection which 
would worthily illustrate it will occupy :à somewhat incon- 
veniently large space. In forming however an Architectural 
Museum on a scale worthy of being called national, great space 
is an absolute necessity ; and it ia of little use to make the 
attempt without boldly facing this primary fact. 

It is known only to thóse who have for years been in the habit 
of visiting and diligently studying and sketching from ancient 
buildings what an inexhaustible fund of exquisite and ever-vary- 
ing art we have to draw from ; though it is not by any means 
easy to obtain the specimens most needed. It is, in Lot, jn many 
cases only through the intervention of the architects engaged in 
the repairs, and only when repairs are going on and scaffoldings 
erected, that the most valuable works in our great buildin 
can be reached; while in buildings of n humble class it is 
arn alone who know where such works of art are to be met 
with. 

One great distinction between a national museum, for which 
considerable funds could be procured, and a private one like our 
own, is that much larger objects can be obtained. It is often 
most desirable to possess casts of entire doorways, or their sculp- 
tured tympana, tombe, reredoses, &c., so as to show the work as 
a whole, instead of in a number of small and disjointed portions. 
A private society like our own can very rarely do this; but ina 
museum supported by public funds, it would readily become 

racticable ; indeed, the largest of such objects would not, per- 
aps, cost more than is sometimes expended on a single specimen 
of majolica. 

It is not, however, our own architecture aloue which must be 
illustrated. The contemporary art of other countries has equal 
demands upon us; nay, in one sense greater, inasmuch as, if our 
art-workmen find it difficult to visit our own architectural monu- 
ments, they will find it impossible to visit those of foreign 
countries. 

The Gothic architecture of France is the elder sister of our 
own ; and, if not more beautiful, possesses beauties and varied 
expressions of its own, which must ever secure to it the earnest 
love and devoted admiration of every student of Mediæval art. 
Our own architecture can hardly be correctly understood without 
a knowledge of that of France. Their origin, development, and 
history are so linked and entwined together, that without the 
knowledge of both they cannot be fairly studied or appreciated. 
France, too, took the first place in art—as in arms—amongst the 
nations of Mediæval Europe. Her art productions may, there- 
fore, be viewed as the normal types of Gothic architecture ; and 
as such they claim a full illustration in a museum of the archi- 
tecture of those periods ; and there is a boldness and nobility of 
treatment about them which especially commends them to the 
most diligent study of the architectural student and workman. 

French architecture must therefore, in snch a museum, be 
illustrated as fully and as voluminously as our own ; nor can I 
conceive of any field of illustration so glorious or so eminently 
useful as this. 

The Medis val architecture of Germany and of Italy has claims 
only second to those of France. Indeed time would fail to enu- 
merate in the roughest manner the glorious works which should 
find place in such a museum. 

They must illustrate each element of architectural ornamenta- 
tion aud detail throughout its chronological conrse, and through 
the several countries where our architecture prevailed ; giving, 
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however, a due preponderance to the best perioda, the best 
examples, and the countries where the art possessed the finest 
Characteristics. 

The period claiming the greatest amount of illnstration, at least 
in Northern Europe, may be roughly said to embrace twe 
centuries,—viz., the great thirteenth, and a moiety of the prece- 
ding and succeeding centuries; that is to say, from a.D. 1150 to 
1350. Earlier and fer periods must be fairly represented; but 
this interval contains the real vigour—the pith and marrow of 
Medieval art. . 

Mediæval architecture demands however, for ita elucidation, 
that certain styles which preceded it and from which it drew its 
first inspiration should also be duly illustrated. I refer to the 
Byzantine and the Italian Romanesque: each including the 
branches by which it was led through other countries, and especi- 
ally through Germany and France, with the changes it underwent 
by the way. 

I have taken some peius in my lectures, delivered at the Royal 
Academy in 1858, to show how direct was the influence of Byzan- 
tine art upon the architecture of France in the twelfth century. 
The foliage and the figure-carving, so well known in the earlieet 
French Pointed works of the latter half of that century, are fos 
the most part directly derived from Byzantine carving and 
drawing, with a certain degree of influence from Italy, which 
was herself drawing freely upon Byzantine art. It is clear there- 
fore, that to illustrate Mediseval architecture properly we must 
poesess ample specimens of these its parent styles. 

The classification of specimens may be divided into those which 
are elementary and those which are in a less and in a greater 
degree combined into complete and applied architectural features. 
Thus we must illustrate in its more abstract form the history 
and progress of architectural foliated ornamentation; showing 
how it had taken, during the darker ages, that strange form 
which is sometimes designated as Runic (though whence derived 
it is difficult to say); how this was long used side by side with 
foliage derived from debased Classic remains ; how a ar 
Byzantine tone was imported into the art, during the twe 
century, both in France and Germany; how this in procesa of 
time developed itaelf into a new and original style of foliage, such 
as we find in France, England, and Germany, in the earlier years 
of the thirteenth century—the noblest and the most perfect con- 
ventional and architectonic ornamentation which has, perhaps, 
ever been generated; how by working this gradually up towards 
nature, the artists at length fell back implicitly upon Nature 
herself: first using natural foliage of the most exquisite kind 
imaginable side by side with the architectonic, and at length to 
itsexclusion; and howat length a newand inferior conventionalism 
supplanted it—a conventionalism of departure from, as the other 
had been one of approach to, nature. 

In the same mauner we must illustrate the accompanying pro- 
gress in animal and figure sculpture: how the barbarism of the 
northern nations during tbe dark ages became ually enlight- 
ened by an infusion of Byzantine art; how this art gradually 
softened down its rigid severity and gave way to the noble sculp- 
ture of the thirteenth century,—imperfect in academic correct- 
ness, but fall of noble sentiment and of high aspirations after 
artistic perfection, unhappily not at that time fully realised, but 
which it is our place—would that it may be our lot—to carry 
forward to its legitimate results. 

Then we must illustrate the history and use of these as applied 
to architectural features ; we must show the historical progress of 
foliated capitals,—in itself a wide subject of historical and artistic 
inquiry, and of study for our own actual use and instruction: we 
must, in the same way, show the history of foliated enrichments 
in mouldings, arches, cornices, and all architectural details to 
which it is applied: the development and changes in surface or- 
naments of all kinds, and of the union with all these of repre- 
sentations of animal and human life. Then we must, in larger 
specimens, show these elementary details combined into greater 
architectural compositions, and united more directly with figure- 
sculptare. To do this we want, as I have already stated, complete 
casts of entire doorways, or, where impracticably large, of por- 
tions of their arches, of perhaps their entire jambs, and their 
sculptured tympana; casta of celebrated tombs, of pulpits, of 
fonts, &c. Then, again, we want the history of niches and taber- 
nacle work—itself a most fertile subject, and demanding casts 
often on a magnificent scale: we want the history of crockets, 
finials, foliated crestings, and a thousand other archi 
elements which it is impossible in such a paper as this vo enu- 


July 1, 1861] 


merate. The work before ue is a truly glorious one, and it only 
requires to he taken up in a spirit worthy of ite claims to make 
the result in the highest degree noble and beneficial. I must 
however add one word,—that caste alone will not do all which 
is wanted: they must be accompanied by photographs, and often 
by measured drawings. 


———— fp —— —— 


ON THE LAYING OUT OF RAILWAY CURVES. 
By Tuomas Cara, C.E. 


A t deal has been written from time to time, and much 
valuable information afforded by various scientific men, on this 
important subject, but as yet, I believe, no fair comparison of the 
relative merits and demerits of the different methods generally 
employed in laying out railway curves has ever been placed 
before the professional public. This may partly arise from the 
fact that authors and inventors are naturally more inclined to 
laud the infallibility of their own productions than to award 
what is due to the claims of others. I propose in the followin, 
investigation to give a short description of the most usefu 
eihods for accomplishing the above purpose, and to point out, 
as far as I am able, their relative advantages and disadvantagen, 
leaving the reader to form his own practical conclusions on the 
subject; it being certainly a matter of some consideration to an 
engineer, engaged, perhaps for the first time, in staking out some 
ten or twelve miles of a line, to be enabled to form a correct judg- 
ment respecting the best means to accomplish his object with 
accuracy and economy, without inconsiderately sacrificing one to 

the other. 

The ing the straight portions of a line is so simple an 
affair, that with ordinary care and attention an error is scarcely 
possible; it is in the curves that errors are liable to be made, 
which are often not perceived until half the curve is laid out, and 
even sometimes are only discovered by the curve not coming in 
at its proper springing point; thus necessitating a repetition of the 
process of putting in the curve, and, in addition to the loss of 
time and labour incurred, the personal annoyance and veration 
one experiences in being obliged to go over the same ground 
twice. 

Of the numerous methods at present known, some have been 
furnished by scientific persons laying no claims to professional 
practice, and consequently are of a pus theoretical nature; 
while others, though practically available, are only calculated to 
meet the requirements of such very exceptional cases that their 
utility is exceedingly questionable; there are a few methods, such 
as Mr. Gravatt's ad Mr. Froude’s, which have been used at 
different times since their introduction in about 1840, but they 
have failed to come into any general use. Excluding all these 
as, for obvious reasons, unsuitable to the present subject, the 
remainder may be classed under two heads: lst, the methods by 
offsets which dispense with the use of an angular instrument; 
and 2nd, the methods which require the use of such instrumenta, 
or the methods by angles as they have been called. In laying 
out curves by the former methoda, the necessary instruments are, 
chain, ranging-roda, offset-staff, or tape where the offsets exceed 
10 feet in length. In the latter the offset-staff is replaced by a 
theodolite (plain or transit), or a portable altitude and arzimuth 
instrument might be used if a theodolite could not be obtained, 
though the preference should always be given to the theodolite 
as the proper instrument par excellence for laying out curves by the 
methods of angles. 

In the following investigation, I shall take Rankine's method 
as the best example of putting in curves by means of angles, 
partly because this elegant aud generally useful method is be- 
coming more and more adopted every day; and partly because 
the other examples of a similar kind which have come under my 
Observation are based upon the assumption, that the springings 
(that is the commencement and termination of the curve), or 
each springing, and the intersecting point of their tangents, are 
visible from one anóther—a condition which rarely occurs in 
practice. 

In the diagram Fig. 1, let 8, S, be the terminations of two 
straight portions of a railway which are to be connected by the 
curve SPS,; S, S, will thus be the two springings of the curve, 
P a point in the middle of the curve, commonly but erroneously 
called the secant point, and I the intersecting point of the 
tangents to the curve, or straight portions of the Tine: It may be 
observed, that in ali the methods included under the first head, 
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where no an instrument is employed, the springings cannot 
be obtained with any great pretensions to accuraoy, for they 
must of necessity be taken from the plan; and one cannot resson- 
ably expect to go nearer the truth than 5 or 6 feet on the present 
scale of our parliamentary plans. 

I shall suppose the staking out of the line to have been pro- 
ceeded with as far aa S, which will be the commencement of the 
curve or first springing, and that the stakes are driven at regular 
intervals of 100 feet apart, both in the straight and curved 
portions of the line; I shall also aasume, for simplicity's sake, 
the point S to be at one of these stakes, although it is right to 
mention that, when the springings are obtained by the use of a 
theodolite—that is, generally, by observing the angle of inter 
section SIS, (Fig. 1), calculating the length of the ent 1S, 
and chaining to the point S—the chances are that it will never 
coincide with one of the 100 feet stakes; on the contrary, by the 
methods by offeete where S is assumed, it would be sufficiently 
accurate in the majority of cases, and far more convenient, to 
take one of the regular stakes as the springing, and thus eave 
the calculation of an additional offset. 

In Fig. 1, let p,, p, p, be pointa in the curve 100 feet apart; 
and let us now examine the manner in which their positions are 
determined, confining our attention, for the moment, to the left 
hand half of the figure, which will serve to demonstrate the 
principles of Rankine’s method and the common method by 
offsets. In the latter method the measured distances Bd, p,4,, 
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P: da and in the former Sp,, p,py p,p,, are assumed equal to the 
ares Sp, PiPp p.p This is practically correct within certain 
well-known limits, and when necessary the error can be reduced, 
either by calculation, or by driving the stakes closer to one 
another—say 50 instead of a 100 feet; this however is not re- 
quired except in very sharp curves. 

By the method of offsets the point pi is obtained by chaining 
the distance Sd — 100 feet, and laying off at right angles the 
calculated offset dp,; similarly the point p, is obtained by chain- 
ing p,d, and setting off d,p, and so on. By the other method, 
suppose the theodolite planted at S, the angle ISd, is laid off = 
angle tor one chain, and the chain stretched from the point S; 
where it intersecta the “line of direction” given by the instru- 
ment will be the uired point p,; the point p, is obtained by 
setting off the inue 18 P,= twice the former angle, and inter 
secting the “line of direction” by the chain, one end being firmly 
held at the last obtained point ,; and so on until the nature of 
the ground renders it necessary to remove the instrument to one 
of the stakes whose position: has been previously determined, 
when the same process is resumed and continued to the end of 
the curve. 

It is evident, at firat sight, that, by the former method the 
position of any point in the curve depends absolutely and entirely 
on the position of the preceding ones; this however is not the 
case where the theodolite is used; for, take the point p, for in- 
stance, the “line of direction” of this point as given by the angle 
IS p, is totally independent of the position of the point p,; and it 
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should be observed that the “lines of direction” as I have called 
them are obtained with a precision peculiar to instumental 
agency, and to which the most practised and dexterous manipu- 
lation of the chain and offset-staff can never attain. It is true, 
notwithstanding this, that any error in the chaining would cer- 
tainly produce an error in the position of the point p,; but, in 
our present comparison, it is equally just to assume the errors 
incidental to chaining as common to both methods, or, what 
amounts to the same, to consider the chaining accurately per- 
formed, we then have the accuracy of laying off the offsets 
balanced against the accuracy of the theodolite; the difficulty of 
performing the former correctly increases with the length of the 
offsets employed; or supposing the measured distances constant, 
inversely as the radius; the reverse happens with the theodolite, 
for, as the angles to be laid off are thus increased, the “ lines of 
irection” are, à fortiori, more likely to be accurate. 

Progressive errors are common to both these methods, but the 
points P and S, act as certain and reliable checks in the latter, 
respecting both distance and direction; these checks are wanting 
in the former method, and in fact, all that can be done is to lay out 
tbe curve as accurately as possible, and take the chance of it 
coming in at the point S, which chance, especially if the curve 
be a long one, is very small indeed, as may be imagined, when 
the inventor admits that in many cases “the curve has frequently 
to be retraced several times before it can be got right.”* 

There are certain exceptional cases however, in which this 
method, on account of its requiring so few preliminary calcula- 
tions and lines on the ground, is invaluable; for instance, where 
any intermediate stakes in a curve have been lost or destroyed, 
as frequently occurs during the progress of the works of a line; 
by simply producing the chords joining any two stakes, and laying 

the correct distances and offseta, the missing stakes can be 
restored with remarkable ease and facility; also in road ap- 
proaches, road diversions, &c., and all similar instances where 
the curve is short and great accuracy not required, this common 
method will be found very useful. 

In order to obviate the progressive errors arising from using 
such short distances as one chain, greater lengths may be taken 
and the proper offsets measured from them, but, as the regular 
stakes would have to be put in afterwards, this modification of 
the preceding method, besides being liable to the same errors, 

Fig. 2. 


involves the absolute necessity of putting in the curve twice at 
least. The right-hand portion of Fig. 1 serves to show the demon- 
stration of this; the errors due to progression being reduced by 
calculating the distance S,E, so.that the measured offset Ep, may 
serve as a check on the point p, one of the regular stakes to be 
Mur filled in. 
t may be urged as an objection to the method by angles, that 
a great deal of ae and delay is ea | sachainiag 
the tangents IS and IS, (Fig. 1), in order to obtain the accurate 
ition of the springings of the curve S and S; these pointa, 
owever, may be accurately found in another manner whenever 
the middle point P in the curve is previously determined; for, 


* See notes to chapter on Railway Curves in Baker's ‘Elementary Treatise on Land 
aod Engineering Surveying.’ : Weale, 1857. 
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let the instrument be set up over P and the angles IPS and IPS, 
laid off, each being equal to ninety degrees okis half the ee 
in the whole curve, which give us the “lines of direction” 
and PS, and all that remains is to produce them until they 
intersect the two straight portions of the line in S and 8, : the 
nature of the grouud will be the best guide respecting which of 
these means should be employed for the above purpose. 

Another example of the methods by offsets is shown in the 
diagram (Fig. 2), in which SPS, is the curve, and the remainder 
of the figure is self-explanatory; taking the left-hand portion of 
the diagram first, it will be seen that the distances are measured 
along the tangent line S, and the offsets measured perpen- 
dicularly, which, it ia manifest, in long curves of small radius, 
would assume auch lengthened proportions as to render it impos- 
sible to lay them off accurately : were our railways now con- 
structed on the same principe respecting curves as the Great 
Western and a few other lines, there would be no fear of this 
result; but unfortunately, iu the present system, curves of three- 
quarters and half-a-mile are of common occurrence, and sharper 
ones are occasionally employed; as a rule, to insure the proper 
degree of accuracy in the points of the curve in the example in 
(Fig. 2), the length of the curve should not exceed one-fourth of 
its radius, so that this method becomes anapphesble to curves 
poring radii of the above dimensions, when their length is 

ter than from one-eighth to one-quarter of a mile, which 

t is even a very short curve. This example has an advantage 
over the first described in (Fig. 1), inasmuch as the progressive 
errors caunot go beyond half the curve, for the offsets for the 
remaining half are obtained from an independent datum—viz,, 
the other tangent line S,I; the liability to error is also further 
lessened, in consequence of the direction of the lines along which 
the distances are measured remaining constant, ins of re- 
quiring to be changed for every offset, as in the example given 
before : this advantage is partially lost in long and sharp curves, 
when, in order to keep the lengths of the offseta within proper 
limits, it becomes necessary to run two or more tangent lines as 
base lines, to measure the offsets from, as shown on the right- 
hand portion of Fig. 2; in fact, it amounts to this, that in order 
to reduce the chances of error in one direction we are compelled 
to incur the chances of making them in another. In the place of 
measuring the offsets perpendicularly to the anget they may 
be set off in a radial direction whenever the centre of the curve 
is visible from the necessary portions of its circumference; but 
this is a case which very rarely occurs in practice. When tbe 
curve is short and the i i large, these two methods approzi- 
mate very closely to one another, for the difference between the 
offsets measured perpendicularly and those measured radially to 
the tangents becomes very small. 

There is another example of laying out curves by the method 
of angles which is worthy of notice, though, in reality, a modifi- 
cation of the method mentioned above; the same principles and 
preliminary calculations are available, but the position of the 
points are determined by the intersection of two “lines of direc- 
tion” given by two theodolites working at the same time, the 
intermediate chaining being dispensed with. The diagram (Fig. 3) 
will serve to render this clear. Let SPS, be the curve, and we 
will take a case in which, as often happens, the s ringings 
though not visible to one another, can be seen from P the middle 
point of the curve. Suppose it is required to put in the stake 
Pz; let one theodolite be set up at S, and the other at P; by the 
former let the angle ISp, be laid off, and the “line of direction" 
Sp, obtained. The line Pp, is similarly obtained by the latter 
instrument, and the point of their intersection is the poeition of 
the stake P, This method has the advantage of all others in 
being perfectly independent of the irregularities of the ground, 
but it is very seldom used, as it requires the services of two en- 
gineers, and one is generally considered sufficient for the staking 
out of each allotted portion of a line of railway; moreover, unless 
a skilful assistant were employed capable of comprehending the 
method in lieu of au ordinary chainman, too much time would 
be wasted in shifting about before the point of intersection of 
the “ lines of direction" of the two instruments could be deter- 
mined; it is clear however, that in certain cases where it was 
required to obtain the position of a stake which could not be 
chained to in the ordinary manner, it might be well worth the 
time of the engineer to first range the “line of direction" by 
laying off the proper angle for that stake, and then shift his 
instrument to some other previousl determined point in the 
curve, and lay off another “line of direction," their intersection 
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giving the required point. For instance, let it be necessary to 
put in the stake pẹ in the right hand portion of (Fig. 3), which 
comes on the bank of a river through a part of which the line 
goes, suppose the instrument set up at P and the “line of direc- 
tion" Pp, ranged, then removed to the point S, and S,p, obtained, 
and the position of p, is determined. 

Ihave hitherto purposely abstained from giving any formula 
or caleulations required for the different methods described, as 
they are mostly to be found in books on the subject; yet it may 
not be out of placeto mention one general formula for the method 
of angles, which I think will be found useful from its great sim- 
plicity and facility of calculation. Let a = any length of are, r 


the radius of the curve, and ô the required angle for that length 
of arc; then 6 = axzar, 6 being the angle between the chord 


and tangent of the arc, and thus obtained in degrees and deci- 
mals; putting a = 100 feet we have in round numbers 


ZEE NN 
™ radius of curve 


Having now investigated the methods in ordinary use among 
practitioners for laying out railway curves, it must be left to the 
reader to form his own conclusions respecting their different 
merits, and of the method which is most worthy of general 
Adoption; although, at the same time, it should be borne in mind 
that they may all prove advantageous in exceptional cases—but, 
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in reality, the best provision against exceptional cases, lies in the 
resources of the engineers’ own skill and ingenuity in the appli- 
cation of a few, rather than in the employment of a multiplicity 
of methods calculated to meet a variety of contingencies. Those 
given above will be found to amply suffice for every case which 
could occur in practice. 
It is much to be regretted that sharp curves are of such fre- 
uent occurrence in our present system of railway making, and 
that what was formerly the exception has now almost become the 
rule. This may be partly attributable to the desire to avoid any 
great additional expense which would be incurred in construct- 
ing thsoe pas of the line with a curve of larger radius; or 
to escape the enormons outlay often necessary in parliamentary 
proceed ings (the greatest blot in our railway legislation) to 
witlatand the opposition of land proprietors hostile to the in- 
tended projects, and through whose land the line would pass. 
„itis the manner in which our railways are laid out which 
virtually puts a limit to the average speed which can be reached 
on them; the power necessary to produce a certain speed can be 
readily obtained, but where would be the utility of constructing 
locomotives capable of attaining with an ordinary passenger- 
train a speed of from 70 to 80 miles an hour, when it would be 
inconsistent with safety to run at a higher speed than 40 or 50 
miles an hour? It is in vain to suppose that the twofold advan- 
tages of high speed and security can be obtained on any line 


„* For proof and demonstration see my communication in €. E & A. Journal. 
Nasbet for October, 1881, sid 
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where there is a frequent repetition of curves of less than one 
mile radius; yet there are doubtless, at the preseut moment, 
trains running over curves of such radii at velocities which are 
highly dangerous, and which our late eminent engineers— 
Brunel aud Stephenson—would have disapproved of in the 
strongest terms. 

——— 


SUBTERRANEAN RAILWAY IN PARIS. 


Tr appears that the French are about to construct a subter- 
ranean railway in their metropolis. We do not hesitate to 
express our doubts as to the success of the undertaking as a 
speculation. Paris is not like London. It does not lack room 
for circulation of all its vehicles in the busiest thoroughfares. It 
has no trade, of any importance. The “ Chemin-de-fer de cein- 
ture,” which forms a belt round Paris, transports the goods 
which arrive from one side of France, to the railway which will 
convey them to the opposite provinces. There is no need of a 
“ Pickford,” or a * Chaplin and Horne,” in Paris. 

The following is the scheme proposed by M. de Hir:— The 
* Paris Railway," as he terms it, is to be of a single line only, 
except in the stations &c., and is estimated at 850 francs (£34) per 
metre; it is to follow the line of boulevards, the quays, and the 
principal streets. Partly in open cutting, and partly in tunnel 
(as in London) from 50c. to 1m. below the surface of the street, he 
says, that no sewer requires to be diverted, a few only mnst be 
lowered in the crown, in the higher portions of the town, where, 
inclination being very favourable, the water will always find its 
course; some drains must be diminished iu height altogether 
from 50c. to 75c., and widened out to give the same waterway as 
before. This line is to cross over the two brauches of the Seine 
and the St. Martin Canal by means of swing bridges. 

The fare for conveyance from one end of Paris to the other, such 
as from the Bois de Bologue to Vincennes, &c., is fixed at 5 cen- 
times (a halfpenuy) per person for all classes. Forty-seven sta- 
tions in the underground railway will communicate with the 
seven stations aud goods sheds of the railways now entering Paris 
from the provinces. 

Oue advantage may accrue to the present sanatory arrange- 
ments in Paris by this railway—viz., the transport of the con- 
tents of cesspools, &c., which are now carted through the streeta; 
but the constructors must take every precaution against the 
danger of the whole train finding itself enforcé, some day, in one 
of the catacombs. 

i 


ARCHITECTS’ CHARGES. 


Tue subject of professional practice—wore particularly in rela- 
tion to architects’ charges—has recently attracted the attention of 
the Institute of British Architects, and their Committee on Pro- 
fessional Practice has prepared a report on the subject, which, 
after being considered and altered at three special meetings, has 
been adopted and circulated. 

The importance of some standard for reference in the matter of 
fees, and some authoritative statement of what the practice of the 
best members of the profession has usually been, renders such a 
report as the one now under consideration very valuable. We 
believe that it will be found to provide for most of the cases which 
ordinarily occur in practice, and that the charges here named are 
such as will be admitted to be fair both to the architect and the 
employer. 

The subject has been before some of the provincial societies, 
and tables of fees have been drawn up by at least two of them— 
these are less ample than the one furnished by the Institute, and 
of course must be admitted to be less authoritative. We hope, 
however, in our next number to furnish them; and it will be 
then seen that they agree pretty closely with the subjoined 
statement. 

t PROFESSIONAL PRACTICE AND CHARGES OF ARCHITECTS, 
Being those now usually and properly made, as confirmed at the Special 

General Meetings of the Royal Institute of British Architects, heid 

13th and 27th January, 1862. 

New Buildings, &c.—' The usual remuneration for an architect’s ser- 
vices, except as hereinafter mentioned, is a commiasion of 5 per cent. 
on the total cost of the works executed from his designs ; besides which, 
all travelling and other incidental expenses incurred by the architect are 

id by the employer, who is also chargeable under certain conditions, as 

r mentioned, for time occupied in travelling. But for all works 
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in which the art required is of a high kind, and the expenditure mainly 
for skilled labour and not for materials, e. g. in designs for the furniture 
and fittings of buildings, for their decoration with painting or mosaic, for 
their sculpture, for stained glass, and other like works, the architect’s 

is not made by way of commission on the cost, nor does it depend 
upon the time employed in making the design, but is regulated by special 
circumstances, and varies according to the skill and artistic power of the 
architect. 

A commission of 24 per cent. is to be charged upon such works as 
sculpture, stained glass, and others of a similar nature, for which the 
architect does not give the design, but arranges with the artista or with 
the tradesmen, and directa the work generally. 

In works under £500 in amount, 5 per oent. is not fairly to be con- 
sidered as remunerative, and in such cases it is just to the employer as 
well as to the architect, to charge by time or by a scale, varying from 
10 per cent. for works under £100, to 5 per cent. on amounts above 
£500. 


The commision is reckoned upon the total cost of the works, valued as 
if executed entirely by labour and of new materials provided by the 
builder. The commission is to be charged upon the whole value of the 
work executed, with the addition of 24 per cent. upon any omissions: 
this is exclusive of the charge for measuring extras and omissions. The 
architect is entitled during the progress of the building to payment on 
account at the rate of 5 per cent. on the instalments paid to the builder; 
or otherwise, to half the commission on the signing of the contract, and 
the remainder by instalments as above. 

Travelling.—All travelling expenses are to be extra. These 
rules suppose the work to be executed within an easy distance of the 
architect's office; but if the work be executed at a considerable or incon- 
venient distance from it, an allowance beyond the 5 per oent. ought to 
be made for the time ocoupied in travelling, in addition to the actual 
expenses. 

Extra Services.—The per-centage does not cover professional services 
in connection with negociatious for site, arrangements respecting party 
walls, or right of lights, nor servicea incidental to arrangements con- 
sequent upon the failure of builders whilst carrying out work; but all 
such services are charged for in addition, the basis for charge being the 
time employed. 

Alterations in Design.—Supposing that the employer, after having 
agreed to a design, and had the drawings prepared, should have material 

terations made, an extra charge may be made according to the time 
oocupied. If the architect should have drawn eut the design complete, 
with plans, elevations, sections, and specification, ready for estimate, the 
oh is half the usual commission above named. If the architect 
should have, in addition, procured tenders in accordance with the in- 
struction of his employer, the charge is one-half per cent. extra to the 
above. 

Alterations of Buildings.—For works in the alteration of premises, the 


remuneration may be increased according to the time, skill, and trouble . 


involved. 

Duties of the Architect. —All of the following requirements for build- 
ings are inoluded in the ordinary charge of 5 per cent. :— 

Preliminary sketohes. 

Working drawings and specifications sufficient for an estimate and 

contract. 

Detailed drawings and instructions for execution. 

General superintendence of works (exclusive of clerk of the works.) 

Examining and passing the accounts (exclusive of measuring and 

making out extras and omissions). 

No additional remuneration is due for making such a rough estimate as 
may be obtained, for instance, by cubing out the contents. If a detailed 
eatimate be framed, additional remuneration is due from the employer. 
An architect is bound, under the 5 per cent. charge, to provide one set of 
drawings and one set of tracings, with duplicate specification ; it being 
understood that the architect is paid for the use only of the drawings 
and specification, and that they remain the property of the architect. 

Eetates.—The charge for taking a plan of an estate, laying it out, and 
arranging for building upon it, should be regulated by the time, skill, 
and trouble involved. For actually letting the several plots (in ordin 
cases) a gum not exceeding a whole year's ground rent may be aired: 

Forinspecting the buildings during their progress (so far as may be 
necessary to ensure the conditiuns being fulfilled) and finally certifying 
for lease, the charge should be a percentage not exceeding one-half per 
cent. up to £5000, and above that by special arrangement. All the 
above fees to be exclusive of travelling expenses, and time occupied in 
travelling, as before mentioned. The charge for the above does not 
include the commission for preparing specification, directing, superinten- 
diag and certifying the proper formation of roads, fences, and other 
works executed at the cost of the employer, nor for putting the plans on 
the leases. 

Valuations.—The following definite charges are recog tised for valua- 
tion of property.. The charge throughout is 1 yer cit. on the first 
£1C00 and one-half par cent, on the remainder up to £10,000. Below 
£100U and beyond £10,000 by spec.al arrangement. 'I'hese charges do 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


[July 1, 1869. 


not include travelling expenses, nor attendanoe before juries, arbitrators, 
&c 


Per Day.— The charge per day which may be made by architects 
depends upon their professional position, but the minimum charge is three 
guineas per day. " 

Dilapidations.— The charge for estimating dilapidations is 5 per cent. 
on the estimate, and in no case lees than £2. 2a. 

Quantities.—It is not desirable that an architect should supply to 
builders quantities on which to form tenders for executing his deeign; 
but in case of such being done it should be with the concurrence of the em- 
ployer and the architect should be paid by him and not by the bailder." 


— —— Sp————— 


MACCORD'S DIFFERENTIAL PLANETARY GEABING. 
Communicated by OrivzR Bynwg, C.E. 


Tue Differential Planetary Gearing to be described is the 
invention of Mr. C. W. MacCord, of Hackenaack, New Jersey, 
U.S. The woodeuts represent one of its most simple and useful 
modifications as arranged for the multiplication of power. P is 
the driving pulley, on the shaft of which s, is keyed a transverse 
arm b, in which is the bearing of a journal e, on which are 
secured two spur-wheeis d d’, gearing respectively into other two 
spur-wheels D D’, whose axes are coincident with that of « Of 
these two wheels, one D', is fixed to the framing, being drilled 
for the passage through it of shaft s. The other D, is free to 
rotate, and its shaft o, is that to which the increased power is 
transmitted. It is evident that, things being thus arranged, a 
rotation of P will produce a revolution of the wheels d d' around 
the wheels D D', and that this revolution will, by the action of 
the fixed wheel D', cause the wheels d d’ to rotate upon their axis; 
that, as the wheels gear internally, the direction of this rotation 
will correspond to that of P, and that consequently the rotation 
of d will tend to cause D to rotate in the opposite direction. And 
since the velocity with which d' rotates is to that with which it 
revolves in the inverse ratio of the diameter of d and D’; and 
since the directions and velocities of the motions of d are the 
same as those of d', it follows that if this ratio be equal to that 
subsisting between the diameters of d and D, the velocity of D 
will be the same as that of D', which is none at all; and that, if 
there be any difference between these ratios, then the ratio 
between the antecedent motion of P, and the consequent motion 
of D, will be a function of that difference. 

The ieee may be investigated mathematically thas,—Let 
d d', D D’, denote the diameters of the wheels marked with these 
letters respectively; let v v' denote respectively the velocities of 
the rotation, and of the revolution of the wheels da’; let V' V 
deuote respectively the entire velocity of D, and that which the 
rotation of d tends to impart to it; and let U' U denote tlie entire 
velocity of D', aud that which is due t» the rotation of d' only. 

We shall then have the general equations, — 


d 
(1) + Yate and (3) +W=4+Viv 
U d ^5— Á 
@ *t2-tp (4) +U=+U +0 


Now subtracting (4) from (3, (5) +(V’—U’)=+(V—U) 


vd od 
But from (1), (6) +V=+ D and from (2), (7) -+U=+ p 
; "d d' 
Substituting these values in (5) +(V'—U)= + (5 EY t) 
d d ) 
DD 
But by hypothesis, (9) U'—0; whence from (4), +U= +v 


e, (8 +(V'—-U) = $0 


= d — D 
Substitutiug this in (7), +0 = + D , whence (10) +e = + 
— vD'(d 
Combining (9) and (10) with (8, +V'=F "(5 -5) 
or, finally, +V’= +0(¢5—}) 


Since, when U'c0, we have +(V’+U’) = +(V’—U’). 
This is the general expression for the operation of those arrange- 


ments in which the rotatory motion imparted by a fixed wheel 
to a free one revolving around it, ia transmitted to another con- 
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centric with the first, under the original limitation, that the 
wheel which imparts the resultant motion shall correspond with 
that which receives the initial motion, in the directions and 
velocities of its own motions, and ín its position with relation to 
the wheel to which it imparts motion. 

This last condition is italicised, as being in the form illustrated 
the feature which distinguishes the mechanism from the plane- 
tary horse-power of Bogardus, which as constructed differa from 


the drawing only in this,—that D' is annular, or toothed inter- 
nally, which causes the ratio of the antecedent to the consequent 


velocity to be a function of the sum of the two ratios, D D 


Though this feature does not prevent us from considering thia 
horse-power to be the best that can be made, and though we 
would here acknowledge that the mode of balancing the me- 
chanism, and equalising the motion, by using two pairs of the 
wheels d d', is borrowed from that unique and admirable inven- 
tion, yet it is necessary to make prominent the fact, that upon 
this distinction depends the advantages of the device we have 
described as a means of multiplying speed or power; for while a 
differential motion may be varied between the limits of zero and 
infinity, it is clear that one dependent on the sum of any quanti- 
ties having the same sigu is practically cireumscribed in its 
variations y narrow boundaries. 


— ——!— — — 


THE BELL ROCK LIGHTHOUSE. 


TO THE PDITOR OP THE CIVIL BNGISEER AND ARCHITECT'S JOURNAL. 

Sır —Having been absent, and much occupied, I only acci- 
dentally opened the nuniber of your Journal for this month this 
day, and was much surprised to find a letter from Mr. Alan 
Stevenson, claiming the whole merit of the design and construc- 
tion of the Bell Rock Lighthouse for his father, the late Mr. 
Bobert Stevenson; and that a model of the Bell Rock Light- 
house has been placed in the International Exhibition at South 
Keusington, stating that “it was designed and executed by the 
late Robert Stevenson." 

Having given a detailed history of the above work, in my 
letter addressed to you in February 1849, and inserted in your 
valuable Journal of that month, and also in my work on British 
and Foreign Harboura, published in 1854;—and Mr. Smiles in 
his excellent work, ‘The Lives of the Engineers,’ lately published, 
having given a similar account of the Bell Rock Lightbouse,— 
where, from the historical records of the Commissioners of 
Northern Lighthouses, and from Mr. Robert Stevenson's own 
work on the Bell Rock Lighthouse, it is clearly established that 
the late Mr. Rennie designed and constructed the Bell Rock 
Lighthouse, and that Mr. Robert Stevenson was simply the 
"assistant. engineer," appointed at Mr. Rennie's recommendation, 
to act under his (Mr. R.’s) direction, and to carry his instructions 
into effect,—it is unnecessary now to repeat the whole of these 
statements: I therefore beg leave to refer any of your readers 
who may be interested in this subject to those documents. I will 
simply however repeat the most important. 

At the first meeting of the Commissioners of Northern Light- 
houses (after the Act for Building the Bell Rock Lighthouse was 
obtained), held at Edinburgh ou December 3, 1806, the following 
resolution was passed:—“ Resolved unanimously, that the build- 
ing to be erected for the purpose of a lighthouse on the Bell or 
Cape Rock shall be of stone, and that the same shall be erected 
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under the directions of John Reunie, Esq., civil engineer, whom 
they hereby appoint chief engineer for conducting the work." 

revious to the above resolution being passed, Mr. Rennie, 
who attended the meeting, entered into the fullest detaila, de- 
scribing the particular kind and form of lighthouse, the materials 
of which it was to be built, and everything connected with it. At 
this meeting it does not appear that Mr. Stevenson was present, 
and no notice was taken of him. 

At a subsequent meeting, held by the Commis- 
sioners at Edinburgh, on December 26, 1806, Mr. 
Rennie recommended Mir. Stevenson to be ap- 
pointed assistant engineer, to execute the work 
under his directions; and a resolution was passed, 
* that the Commissioners agree to the appointment 
of Mr. Stevenson, to be Assistant Engineer under 
Mr. Rennie, but they delay taking into considera- 
tion the recompense to be made to him, both as 
to the amount and manner of doing it, until next 
meeting" Mr. Rennie also recommended that Mr. 
Logan should have the direction of the masoury; 
and Mr. Francis Watta, a skilful mechanic and 
millwright, bred under Mr. Rennie, should have the 
direction of the cranes and other mechanical de- 
tails: which was agreed to. 

The works were accordingly commenced and carried 
on, until their completion, under Mr. Rennie’s direction; in fact, 
Mr. Rennie had the entire responsibility,superintendence, manage- 
ment, and direction of the whole of the works. He furnished 
the design, and the details were worked out and completed under 
him; nothing was done without his approval. He repeatedly 
visited the works, and made his reports to the Commissioners 
during their progress, until their final completion. All this is 
proved beyond doubt in Mr. Stevenson’s book, together with the 
other documents in my possession. The design which has been 
carried into effect underwent certain alterations, differing some- 
what from that orizinally furnished by Mr. Rennie, which 
generally happens duriug the progress of such works. These 
were chiefly confined to raising the tower a little higher, and 
altering the mouldings round the top of the tower and lantern, 
and some minor details. These alterations however were made 
under Mr. Rennie's direction. 

The lighthouse, as erected, differs materially from that origi- 
nally proposed by Mr. Stevenson, which was not approved of by 
Mr. Reunie. The base of the tower is much wider, and different 
iu form, in order that it might be better adapted to suit the form 
and character of the rock upon which it is placed, so as to 
diminish the action of the waves upon it, and to prevent them 
from undermining the base of the lighthouse. The courses of 
stone are narrower on the outside, and larger towards the centre, 
differing in this respect from the Eddystone system, by which 
they are rendered stronger. The construction of the floors is 
different also, the pressure being rendered vertical inetead of 
lateral, which also was an improvement upon the Eddystone 
em All thia is clearly explained in Mr. Rennie's Reports to 
the Commissioners of Northern Lights, nearly the whole of 
which have been printed in Mr. Stevenson’s book. 

As to Mr. Alan Stevenson’s assertion, that Mr. Rennie never 
arrogated to himself the credit of the Bell Rock Lighthouse,— 
this is totally contrary to the fact. I have heard Mr. Rennie claim 
it over and over again, and complain bitterly of Mr. Stevenson’s 
presumptiou in claiming it for himself; so much so that, accord- 
ing to Mr. Smiles’ statement above referred to, and which is 
perfectly correct, “ when he learnt that Mr. Stevenson was about 
to write a book on the subject, but without communicating with 
him thereon, ‘I have no wish,’ he says, iu a letter toa friend, ‘to 
prevent his writing a book, if he details the truth fairly and im- 
partially. Iam satisfied, I do not wish to arrogate to myself 
any more than is justly my due, and I do not waut to degrade 
him.” 

Mr. Stevenson, however, took care not to publish his book 
until after my father’s death; so that he had no opportunity of 
answering it, which no doubt he would have done, aud have placed 
the facts still more clearly before the public. But even Mr. 
Stevenson's book establishes sufficient to prove that the Bell 
Rock Lighthouse was designed, and carried into effect, under 
Mr. Rennie’s superintendence. 

As to Mr. Alan’s statement, or rather quotation, from one of 
Mr. Rennie'a letters to his father, “that it would immortalise 
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him in the annals of fame;"—this was a mere joke, and which I 
have frequently heard Mr. Rennie apply to his assistante, who 
were placed under his direction in a similar manner as Mr. 
Stevenson was. 

As to Mr. Alan Stevenson's statement, that the amount of 
responsibility may be judged from the greater sum paid to 
Mr. Stevenson than to Mr. Rennie;—this goes for nothing, for 
it too frequently happens, that those who are least entitled to it 
get best paid. 

As to Mr. A. Stevenson’s statement about Mr. Charles Cun- 
ningham;—I knew him well, and have heard him give a very 
ditferent version of the story of the lighthouse to that stated by 
Mr. Alan Stevenson. 

I also knew very well the late Mr. John Paterson, the resident 
engineer of the Leith Docks, as well as the late Mr. David Logan 
and Francis Watts, who were the executive foremen assistants, 
constantly employed either at the building on the rock or in the 
workshops, or those attached to the lighthouse; and I have heard 
these gentlemen over and over again laugh at the very idea of 
the Bell Rock Lighthouse having been designed and executed by 
the late Mr. Stevenson; it is in vain, therefore, for Mr. Alan 
Stevenson to set up such a claim for his father, for it is wholly 
unsupported by any written or verbal evidence; and it is esta- 
blished beyond all doubt that, with every respect to the late 
Mr. Robert Stevenson, be was neither more or less, as his 
appointment expresses, than assistant engineer, under Mr. Rennies 
superintendence, to carry into effect Mr. Rennie’s directions; and 
that the Bell Rock Lighthouse was designed, and carried into 
effect, by the late Mr. Renuie.—I am, yours &c., 

Jonn RENNIE. 
` London, May 29, 1862. 


REVIEWS. 


Mitchel?s Screw Piles and Moorings, with Johnson's Patented Im- 
provements. By FREDERICK JonNsoN, C.E. London, 1862. 
This little pamphlet seta forth the various applications and 

advantages of screw-piles for lighthouses, piers, bridge, and other 

foundations, and more receutly for moorings, and algo explains the 
improvement introduced by Mr. Johnson, the present licensee of 

Mitchell’s patents. Although many of our readers will be already 

acquainted with the original pattern, if not with the recent 

ingenious modification of it, we extract the following short 
description. 

“The original screw pile consisted of a round bar, or cylinder of iron, 
with a broad projecting screw at its lower extremity, serving the double 


purpose of forcing the pile into the ground, and of affording an extended ` 


base for resisting either downward pressure, or an upward strain, but the 
improvements upon this screw consist in making the periphery, or a 
portion of the periphery, of its flange similar to a circular saw, as shown 
in the figure. 

By a very simple arrangement of machinery, the screw works ita way 
downwards, without materially disturbing the strata through which it 
passes. Screw piles have been used in every description of ground, hard 


rock alone excepted. They have been applied with great advantage in 
chalk, and even been made to penetrate to a depth of 12 feet in the coral 
rocks of the Florida Reefs, on the coast of the United States of America. 

The proper size and form of the screw must, in every case, be deter- 
mined by the nature of the ground and other attendant circumstances ; 
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and it is obvious that great advantage results from its being in the power 
of the engineer to increase the area of the flange, or bearing surface, with- 
out altering the dimensions of the pile ; particularly in situations where it 
is desirable to interfere as little as possible with the action of waves or 
currents. 

Such cases are very frequently met with, both in the erection of 
lighthouses, piers, &c. at sea, and of bridges over rivers with rapid 
streams, or subject to sudden floods. In the former instagces the soil, or 
sand, is often so loose and unstable as to be incapable of supporting any 
Massive structure; and in the latter the expense of coffer dams, or other 
contrivances for building solid piers, would often be so great as to pre- 
clude their erection, even if otherwise desirable. 

The introduction of screw piles has enabled engineers to execute works 
in the most unprumising un inconvenient situations. The open frame- 
work udually adopted, whilst it opposes no serious resistance to the waves, 
is capable of being formed into so rigid a structure, that scarcely any 
vibration is perceptible, even in the heaviest weather. At the same time 
no scour is produced, nor is there any accumulation of sand, or other 
debris,—the ordinary course of the currents remaining unchanged. | 

The difficulty of driving ordinary pilea into sand is well known, indeed 
when the sand is in a compact state it is almost impossible to force them, 
by any means, down beyond a very few feet; the recoil being so great, 
that the timber or iron is shivered or snapped off under the blows of the 
monkey, and the attempt is usually attended with annoyance and loss. 

By the use of iron, the ravages of the Teredo navalis and other sea 
worms, so much dreaded for timber structures on almost every coast, 
may be entirely disregarded ; and experience has shown that no appre- 
hension need be entertained of the prejudicial action of salt water upon 
the screw piles ; neither the wrought nor the cast-iron work of the Maplin 
Lighthouse, which was fixed twenty-three years ago, at the mouth of the 
Thames, being in the slightest degree injured, and the Courtown Pier, 
Ireland (built fourteen years since) being in an equally good state of 
preservation. In some cases, however, as in the Portland Breakwater, 
wooden piles fitted with iron screw shoes may be advantageously em- 
ployed." 

Serew-piles have been so extensively used, and their serviceable 
qualities have become so well known, that we need do no more 
than select from the numerous instances of their successful 
application adduced by Mr. Johnson, one or two of the more 
important. 

** The largest and most important lighthouse yet erected on the British 
or Irish coasts is that of the Gunfleet, off Harwich, constructed and 
erected for the Honourable Corporation of the Trinity House, by Messrs. 
Saunders and Mitchell, and the work was commenced in the year 1852, 
and completed in 1855, with the exception of the lantern and interior 
fittings. The Gunfleet Sand is one of the most dangerous on the east 
coast of England, and the site of the lighthouse is covered with water at 
all times of the tide. It is at this point very much exposed, and is eub- 
ject to very heavy seas, which break upon it with tremendous violence 
during easterly gales. 

The building is of wrought-iron, of great strength, and is perfectly rigid. 
The piles are hollow, seven in number, the lower length of each weighing 
about 7 tons, and being 45 feet long. These had to be taken more than 
fifteen miles out to sea, and were all screwed down 40 feet into the bank, 
in positions and directions previously determined, with the greatest 
accuracy, as the rigid bracing and superstructure had been already 
prepared. 

The ground had been previously proved by boring to a depth of more 
than 50 feet, by means of an experimental screw pile, and waa found to 
consist entirely of an extremely and compact sand, with occasion- 
ally (in the upper stratum) a few fragments of coal, from the numerous 
wrecks which occur every season on this dangerous shoal. 

“ The Madras Pier, designed by Messrs. Saunders and Mitchell, was 
commenced in the lattter part of the year 1859 by Mr. F. Johnson, their 
successor, and is now nearly completed. This pier is 1080 feet in length, 
and its width 40 ft. 6 in. It terminates in a cross-head 160 feet long by 
40 ft. 6 in wide. The piles are of solid wrought-iron, the screws of which 
are inserted to a depth varying from 11 ft. to 19 ft. 6 in. in the ground. 
This pier extends about 10 feet beyond the water line of surf. When it 
is considered that several attempts have been made to erect piers at 
Madras, all of which proved impracticable, it will be readily understood 
the situation is one of great exposure. The dangerous nature of the surf 
on this coast is well known. Daring the monsoon season it rises to such 
a height above the sea level as to entirely prevent all communication 
between the shore and outlying vessels even by native boats, and yet 
during the course of construction of this pier not the slightest vibration 
has been perceptible, a convincing proof of the great advantages of screw- 
pile structures over any other,—a great base or supporting surface being 
obtained without the necessity of exposing a large body to the action of 
either wind or wave. 

The Portland Breakwater, now being constructed in the English 
Channel, was commenced under the direction of the late Mr. Rendel, and 
is perhaps the most important in which screw piles have hitherto been 
employed. When completed it will consist of two lines of breakwater, 
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6000 feet and 1500 feet long respectively, a ing each other at an 
obtuse angle, and having a passage or entrance 400 feet wide between 
them; the whole being constructed in & depth of water averaging more 
than 54 feet at low-water spring tidos, excepting for a short distance 
close to the shore, and forming a harbour of refuge of about three square 
miles in extent. The breakwater is constructed of stone, which is quar- 
ried in the neighbouring hill and carried out to sea upon a temporary 
timber staging erected upon screw piles. This staging is 120 feet wide, 
and the piles are 30 feet apart; each being built up of double balks of 
creosoted timber, nearly 90 feet long, trussed with iron, and having a 
screw shoe at its lower extremity. When the character of the work and 
its exposed situation are considered, the value of the screw pilea in this 
and similar structures will at once be evident—in fact without them the 
difficulties of the work would have been almost insurmountable." 


Mr. Johnson thus advocates the use of the screw for moorings, 


“ The description already given of the principle of the screw pile will 
have served sufficiently to indicate that of the screw mooring. It is 
evident, that if a broad plate or disk can be deeply buried in the ground, 
it must afford a firm attachment for the buoy-chain, Before this screw 
can be withdrawn by any upward tension, a mass of earth must be dis- 
turbed having the form of an inverted frustrum of a cone, upon this 
again presses the weight of the superincumbent column of water; and 
when it is considered that screw moorings are frequently inserted to the 
depth of 15 or 20 feet into the ground, in from 30 to 60 feet water, it 
will be evident that enormous force must be required to dislodge them. 
Their holding power is indeed so great, that in several instances chains 
made of iron 3] inches diameter have been broken, without bringing up 
the screw. 

Besides their security, the advantages of screw moorings in other 
respecta over those formerly in use, are very considerable. They are 
very readily fixed in any depth of water. In moet cases all ground chain 
is dispensed with, the buoy chain going down direct to the screw. This 
not only saves a very heavy expense, but does away with the inconveni- 
ence, always arising in narrow harbours, from anchors getting foul of 
these chains, which are usually stretched across the bour, in a 
manner which greatly interferes with the operation of dredging. In con- 
fined situations the moorings are particularly valuable, from the small 
scope which may be given to the buoy-chain, on acoount of the great 
holding power of the screw, often a matter of very great importance.” 


-————— .9——————— 


THE LOAN COLLECTION OF OBJECTS OF ART 
AT THE SOUTH KENSINGTON MUSEUM. 


Tne South Kensington Museum is just now temporarily 
enriched by an exhibition of the choicest objects of art, placed 
there by their proprietors, and gathered from all the beat collec- 
tions in Britain. 

This loan collection, as it is called, has been opened principally 
for the benefit of visitors to the Exhibition, and is probably the 
richest and most select exhibition that has ever been brought 
together under one roof, not excepting that portion of the 
Manchester Exhibition which was devoted to works of the sort. 

It would be impossible in any space we can devote to describe 
in detail the contents of the Museum, and it is here mentioned 
principally for the benefit of those of our readers who may be able 
to visit it for themselves. 

A vast amount of ancient gold and silver plate is here col- 
lected, including all the superb pieces belonging to the different 
colleges in Oxford and Por e The maces of Oxford, 
Glasgow, Bath, Maidstone, and a host of other pieces of plate 
belonging to city and other companies, corporations, and the 
like. Magnificent specimens of genuine antique Etruscan and 
Egyptian jewellery are to be seen here; also the best of Her 
Majesty’s collection of antique gems, together with still more 
valuable gems from private collections. Lord Palmerston and 
some other exhibitors display a quantity of antique Irish jewel- 
lery; and Lord Londesborough and others have sent arms and 
accoutrements of the choicest quality. 

All the varieties of porcelain and China, Raffaelle, Wedgwood, 
Se and other costly wares are here displayed; and of one 
sort, the ‘Faience’ of Henry IL of France, which is all but 

riceless in the eyes of amateurs, all the specimens which 

land contains are here to be found. 

ronzes, church vestments, enamels, embroidery, iron-work, 
and specimens of all that is rich and rare, including Mr. Webb’s 
superi collection of Mediæval ivory carvings, and many speci- 
mens of Flemish ivories, are also to be found; and in short the 
lovers of art workmanship will find in this collection an oppor- 
tunity such as will probably not again occur. 
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VOLUNTARY ARCHITECTURAL EXAMINATIONS AT 
THE ROYAL INSTITUTE OF BRITISH ARCHITECTS. 


WE are now in a position to lay before our readers the leading 
features of the scheme for voluntary examinations which has 
been adopted by the Royal Institute of British Architects, and 
SM Amon their members, We have from time to time 
repo! e position of this undertaking and the progress that 
has been made in it; and although the abono jns ben a long 
wbile in preparation it will, we think, appear upon examination 
of it that the time consumed has not [n lost, and that the 
careful and thorough consideration which all its details have 
received has rendered it far fitter for adoption and far more 
likely to be successful than if it had been hastily and imperfectly 


coe 

hree separate documents have been issued, of which the first 
contains a statement of the course of examination and the regu- 
lations to be observed, and containa copies of the forms of 
application and recommendation Proposed: to be ope ed. We 
give the larger and more important portion of this paper 
entire, as it will sone and exactly inform those interested 
what it is intended shall be the subjects of examination, and 
what the regulations. The portion of this paper which is not 
here given contains the regulations (apparently complicated, but 
really practical, and analogous to what are followed elsewhere) 
intended to secure thorough impartiality by renderingit impossible 
that the names of the candidates stoaia become known; and 
contains also the forms above referred to. 

The second paper consists of a sort of specimen examination 
paper, prepared with the intention of enabling intending candi- 
dates and others to judge of the character of the examination 
proposed ; this, with the exception of some observations appended 
to it, is too voluminous for our columns, but it will be read with 
interest by those who may possess themselves of it. 

The third paper is the list of books. This, as originally drawn 
up, has already appeared in our columns, but it is now revised 
and somewhat augmented, and we propose in an early number to 
re-present it to our readers. 

t only remains to observe that, as we are given to understand, 
the first examination will take place in January of next year, and 
that those who desire to possess the papers may obtain copies on 
application to the Honorary Secretaries of the Institute, at No. 9, 
Conduit Street, W. 

“ The examination shall be opento all British subjects, and shall be 
arranged in two classes, so as to offer to a candidate the opportunity of 
acquiring an acknowledgment of proficiency, and further an acknow- 
ledgment of distinction. No candidate ynder thirty years of age shall be 
permitted to present himself for an acknowledgment of distinction with- 
out having previously passed the examination in the class of proficiency. 

The examination shall in no reapect be conducted viv& voce. It shall 
take pac in the last week of the month of January, as often as tbere 
shall be five candidates seeking an acknowledgment of proficiency; and 
it shall occupy not more than three days for the candidates in that clase, 
with not more than three additional days for the candidates seeking an 
acknowledgment of distinction. 

The first of such days’ examination shall be in drawing and design; the 
second in mathematica, and physics, with professional practice; the third 
in materials, and construction, with history and literature; while the 
fourth, fifth, and sixth days shall be assigned to the same bubjecte in 
similar order; languages being included on the fifth day. If fewer than 
six days be devoted to any examination, the examiners are at liberty to 
vary the distribution of time prescribed. The hours of attendance shall 
be from ten till five, except on the sixth day, when they shall be from ten 
till two: and on each day there shall be an interval of one hour during 
which no work shall be allowed, and the Institute sball provide some 
simple refreshment. 

Upon the days of examination the candidates shall have access to 
such books of tables as may be provided by the honorary secretaries under 
the advice of the examiners. 

A candidate who has passed in the clase of proficiency shall not be 
required to attend on the days appropriated to the class of proficiency in 
any subsequent examination at which he may present himself for the 
class of distinction. 

The examiners shall be not less than three in number, and they shall 
be elected, as well as two moderators, by the Fellows of the Institute at 
the first general meeting in January. The moderators always, and the 
examiners as far as possible, shall be members of the profession. No 
examiner or moderator shall be concerned in the examination of any can- 
didate connected with him by any tie of relationship, tuition, ot business. 
No examiner shall attend at the Institute during the hours of éxamina- 
tion, 

After the third examination, the council shall request the examiners to 
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report any change that they ma deem desirable in the system, and shall 
take the sense of the Institute theron. 

The papera of questions and requirements of work shall be framed by 
the examiners as much as possible with direct reference to architecture, 
and in conformity with the applications of candidates, regulated by the 
be ee in the following programme. 

number of marks to be allotted by the examiners to their questions 
shall be 10,000; of which 6000 shall be in the class of proficiency, and 
4000 in the class of distinction in the following programme, and also shall 
be as there noted, —Drawing and design, proficiency 1500, distinction 
600; Mathematica, prof. 750, dist. 600; Physics, prof. 500, dist. 400; 
Languages, dist. 300; Professional Practice, prof. 500, dist. 500; Ma- 
terials, prof. 750, dist. 400; Construction, prof. 750, dist. 500; History 
and Literature, prof. 1250, dist. 700. 

Of these marks 3000 in the class of proficiency shall entitle a candidate 
to pass in the said class; and 2000 in the class of distinction shall entitle 
» candidate to pass in the said class; being in each case one-half of the 
entire number for the class; but the candidate shall not be held to deserve 
the acknowledgment of proficiency unless he obtains at least half of the 
number of marks allotted to divisions of Drawing and Design, Materials, 
and Construction reepectively, in addition to at least a fifth of the num- 
ber of marks allotted to each of the other divisions in that class.* 

Crass oF PROFICIENCY. 
Preliminary Work. 

A measured sketch of some existing building or portion of a building; 
& perspective sketch of some existing building or portion of a building; a 
drawing of some ornament from the round or relief; and a perspective 
view with working plan, section, and elevation, of a design by the candi- 
date for some building, together with ite whole specification and a por- 
tion of ita working details at full size. 


Work to be done in the presence of the Moderators. 


Drawing and design.—A design of some building or portion of 
a building, in the style named by the candidate, the subject being 


Marks. 


given by the examiners m ae a aa we .. 1500 
Mathematics.—Arithmetic, including the square root; algebra, 

including simple equations; Euclid, books 1 and 2; mensuration 750 
Physics. The elementa of mechanical philosophy; also heat, 

light and ventilation se aes be n 4s .. $00 
Professional Practice.—the principles of estimating; the laws 

relating to accident, agency, contracta and dilapidations 500 


Materials, —The general natures and properties of building ma- 


terials, including their decay, preservation, quality, and strength 750 
Construction.—The detail drawings and specification for such 
branches of the work suggested in the above-named design (in- 
cluding drainage) as the examiners may indicate i .. 750 
History and Literature.— An outline of the characteristics of the 
principal styles of Architecture in Europe; the perticular charac- 
teristics and history of any one style named by the candidate 1250 
‘ 6000 


CLass or DISTINCTION. 


Preliminary Work. 

Besides a perspective sketch or a measured drawing of an existing 
building, or portion of a building, or other subject of architectural design 
(this is indispensable), one specimen in each of three at least of the 
following branches is necessary for the admittance of the candidate: 
1. Sketches or measured drawings of existing work in wood, plaster, 
stone, marble, mosaic, glass, iron, braas, precious metals, textile fabrics, 
or embroidery; 2. Detail drawings at full size of any design by the candi- 
date, for ornamental work in any of the materials just enumerated; 
3. Drawings of the human figure from the round or from memory; 4. Sub- 
jecte of landscape gardening; 5. Architectural subjects in colours; 
6. Subjects of decoration, in colour or otherwise; 7. Specimens of work- 
manship in modelling; 8. Specimens of workmanship in carving. 

Work to be done in the presence of the Moderators. 

Drawing and Design.— Such designs, drawings, and specimens 
of skill, in the style or styles named by the candidate, aa may be 
thought needful to test his skill with regard to such preliminary 
work as may have been attached to his declaration: the subjects 
to be given by the examiners eos iie tes EN s 

Mathematics.— Algebra, including quadratic equations; Euclid, 
books 3, 4 and 6; plane trigonometry; conic sections and the 
higher mathematics. The candidate to name the extent of the 
examination that he thinks himself capable of passing beyond 
plane trigonometry ... ET e m ii. nee See 

Mathematics and Physics applied to Practical Purposes.— Me- 
chanics; statics; dynamics; hydrostatics; hydraulics; land-survey- 
ing; acoustics; chemistry; electricity; galvanism; geology; and 
theory of colour. The candidate to name the portions chosen by himt 400 


* The Council is empowered to Ax for the first Examination a smaller number of 
day» and a leas proportion than that above arranged of marks necessary to pass; and 
to raise for the second examination the proportion of such marks to an average between 
that of the first and that provided in the regulations, which ahal? be used for the third. 

t The extent to which the candidate is expected to be prepared in any subject of 
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Langusges.— Translation from Greek or Latin, and translation 
from or composition in one or more living foreign languages; archi- 
tectural nomenclature in any living foreign language. The can- 


didate to name the langu iu BY M ses .. $00 
Professional Practica Laws of property relating to buildings, 
including fixtures and rights of adjoining owners; arbitration ... 500 
Materials.—Detail of the nature and properties of building 
materials, including materials which are not in ordinary use — ... 400 
Construction.— Complex construction in scaffolding, shoring, 
securing dangerous structures, pulling down work, alterations of 
buildings, foundations, walls, partitions, floors, roofs, arches and 
vaults; formule for calculating the strength of materials .. 600 
History and Literature.—The structures, architects, writers on 
practice and theory, and works illustrating styles or structures, in 
any style or styles named by the candidate iss sss . 100 
4000 


It shall not be necessary for & candidate, in order to obtain the num- 
ber of 2000 marks required for passing the examination in this class, to 
obtain marks in all these subjects, or a particular number of marks in 
any one of them; and he therefore shall be at liberty to endeavour to ob- 
tain a high number of marks in those subjecta upon which he may think 
he can best show his competency. 


Fers. 


In the first year each application for an acknowledgment of proficiency 
must be accompanied by a fee of one guinea; and each application for an 
acknowledgment of distinction must be accompanied by & further fee of 
one guinea. The fee shall be raised one guinea in each class, at each 
successive examination, until the revision of this scheme." 


The following observations accompany the “Sketch of Form of 
Examination Papers," prepared by the Institute, and will serve 
to show the intentions of that body:— 


** The Institute, aware that architects in practice cannot command the 
leisure sufficient to prepare for such an examination as is bere contem- 
plated, will not consider such pereons as called upon in any way to 
present themselves as candidates; and the Institute, not intending that 
any compromise of the examination ahould be offered (except the modifi- 
cation as to number of marks in the first two years), announces that no 
architect above thirty years of age will be encouraged to offer himself as 
a candidate. It also suggests that very young men, although they may 
have availed themselves fully of the advan’ of an academical educa- 
tion, ought not to present themselves for this examination until they 
have acquired that amount of architectural knowledge which practical 
experience alone can afford. The Institute therefore will not encourage 
any person to offer himself as a candidate in the class of proficiency 
under twenty-one years of age, or in the class of distinction under twenty- 
five years of age. 

These papers are framed to indicate the standard to which the 
examination shall ultimately rise, rather than to suggest the adoption of 
questions so difficult as the most advanced herein contained; and tbere- 
fore the first papers must present leas difficulties. As candidates in 
order to pass in the class of proficiency must obtain a certain proportion 
of marks in each division of that class, the examiners shall provide a 
number of questions in each division sufficient to allow each candidate 
the advantage of an opportunity of selection, and therefore shall indicate 
to the candidates what proportion of the nuinber of each set of questions 
must be answered. 

It is strongly recommended that a greater number of questions be set 
on each paper than can fairly be expected to be answered in the time 
allotted. This should be done to give each candidate the advantage of 
selecting those on which he can best show his ability; but the candidate 
should be informed that he is expected to answer a certain portion only, 
or he may be deterred by the apparent weight of the paper. It has 
often happened (and nothing can be so disheartening to a candidate) 
when very few questions are set, that the majority of them may relate to 
the only points of which he is not master, and thus a candidate of great 
ability may obtain a low rank simply from the paucity of questions. 
Unusual questions, and some of considerable difficulty, as well as those of 
obvious and ordinary character, may be set, to give candidates of greater 
talent an opportunity of exhibiting their ability and industry. But these 
questions should on no account be suffered to degenerate into what are 
commonly called ‘ catch-questions,’ or be such as would rather exhibit the 
cunning of the examiner than manifest the ability of the examined. The 
marks should also be so set, that the omission to answer any unusual 
question should not tell against any candidate. These errors have caused 
more dissatisfaction, and thrown more discredit on competitive examina- 
tions, than any other causes whatever, and should most carefully be 
avoided. Answers to one or two questions in a language, or solving one 
or two equations, can be no sufficient test of a candidate's competency as 
a linguist or a mathematician, and would not conscientiously warrant & 
notice of distinction from any examiner. Every examination to be satis- 
factory must not only be absolutely impartial and perfectly fair, but to 


&betract science shall be governed generally by direct application to building opera- 
tions and materials. = E 
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be of any worth or to carry any weight with the world it must be 
complete. Too severe an examination is tyrannous, while one too slight 
is obviously worthless. 

Of course it is difficult to steer evenly between these errors. Few 
examinations have been established without being charged with one or 
the other at the outset. The subject is now, however, better understood 
than it was, and the reports from the various professions where it has 
been instituted are so favourable,—the system has been found to answer 
so well with legal and medical men; with the soldier, the sailer, and the 
diplomatist; with, in fact, every rank where the education of a gentleman 
is expected, as well as the ability of a professional man,—that there 
seems little doubt that this examination, if carried out with judgment 
and good feeling, must advance the British architect in popular respect, 
and in social status." 

——— —iÁ-——— 


MACHINERY IN THE INTERNATIONAL EXHIBITION, 
1862. 


(Continued from page 159.) 

Amone the manufacturing machines and tools, those exhibited 
by William Muir and Co. (1668), approach the staudard of per- 
fection; in this department they stand unrivalled in the Exhi- 
bition. The powerful self-acting radial drilling-machine of this 
firm, with vertical elevating slide radial-arm, movable through 
an arc of 190°, drills holes up to 10 inches diameter, it is particu- 
larly adapted for drilling ends of boiler plates, large cylinders, 
and all work of a massive character, as it will take in an object 
9 feet high; all holes within range of the machine can be drilled 
without removing the object; this tool notwithstanding its great 
range is steady and effective. Muir's small planing machine, 
worked by hand or power, with crank movement and elliptical 
wheels for producing uniform motion in cutting, and treble speed 
in returning, is very complete. Muir's centre duplex lathe, centre 
double-geared lathes, 8-inch foot lathe, vertical double-geared 
drilling machine, self-acting universal shaping machine, self- 
acting slotting and shaping machine, grindstone apparatus, screw 
stock and tackle, now being exhibited, are the most effective and 
complete manufacturing machines and tools now in use. The 
type composing and distributing machines of W. H. Mitchel 
(1662), receive and deserve much attention; these machines have 
been successfully used in America, as well as in some of the 
leading printing houses of England and Scotland. They may be 
applied to every description of book or newspaper work, and 
etfect a large reduction in the cost of composition, in the wear 
and tear of type, and in the quantity of type required for a given 
amount of work. 

The boot and shoe making machine (1680), of Parker and Sons, 
saves much labour; this simple and ingenious invention, from 
the facility and ease with which it can be worked, cannot fail to 
recommend itself. Its construction renders it portable and easily 
managed. P. Fairbairn and Co. (1594), present a numerous 
collection of manufacturing machines, which appear to us clumsy 
in their construction, geared inconveniently, and calculated to 
destroy much of the motive power. The spanners of Ferrabee 
and Co. (1597), are small tools, but worthy of a large share of 
attention. In the wood-working department, James Powis (1688) 
holds a high place, his machine (am cutting double and single 
tenons is made expressly for doing the heavy framing of railway 
carriages and waggons. It is self-acting, and has a quiet return 
motion to bring back the work after having passed through the 
cutters. It operates upon four waggon soles at one time, and 
requires only a minute or so to complete the operation. It is the 
only machine exhibited in the building suitable for this heavy 
class of work. Mr. Powis exhibits eleven other machines—all 
excellent in their way—namely, a six-horse power horizontal 
engine, with most of the recent improvements, combining com- 
pactness and extreme portability in case of removal;—combined 
timber aud deal frame for 24-inch logs, or two deals 24 inches by 
7 inches, this machine is a small mill in itself;—contractor and 
builders combined machine, for planing, moulding and edging 
all four sides at one operation, any size under 12 inches wide by 
6 inches thick;—double deal frame to cut two deals 14 by 4 inches, 
advantageous where the mills are by the side of tidal rivers, 
being so constructed that no expensive or deep foundations are 
required;—combined moulding, thicknessing, aud squaring up 
machine, for carriage framing and door styles;—band sawing 
machine, with adjustment for regulating the tension of saws and 
prevent their breaking;—self-acting circular saw bench, made 
with or without bogies, capable of breaking up logs 20 inches 
diameter, or cutting deals;—combined mortising, tenoning, and 
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boring machine, for hard or soft wood; this tool is capable of 
doing the work of eight men. Mr. Powis states that 3000 of 
them are now in use. Mr. Powis’ machine, which he terms 
* Multum in parvo," will saw, plough, groove, rebate, thickness, 
bore. cross-cut, and strike mouldings. 

Althongh America compares favourably with other nations 
with regard to manufactures and mechanical inventions, yet, on 
account of the war, the arts and manufactures of the United 
States may be said to be unrepresented. It was through the 
enterprise and creditable ambition of a few private individuals, 
who were determined to show, at their own risk and on their 
own responsibility, that inventive skill is actively employed in 
America. The collection in the south-eastern angle of the 
building contains many articles of utility and novelty, chiefly 
collected by Mr. Holmes, and his son-in-law, Mr. Tavlor, the 
engineer. One exception must be made—sewing machines are 
well represented, they are successfully exhibited, and form a 
great attraction. The rapidity and neatness with which these 
machines execute a variety of needlework must astonish those 
who only know the use of the common needle. ; 

Among the mechanical contrivances may be noticed, near the 
south east entrance, the cork cutting machinery of Mr. Conroy of 
Boston; the cork is first cut into parallelopipedons and then into 
smaller figures of the same kind, according to the length of cork 
required. These smaller pieces are brought into contact with & 
knife mounted on a circular horizontal disc. The disc is put in 
motion by a large wheel similar to a cutler’s wheel, and a band 
running over a drum in immediate connection with it; or the 
motion may be derived from steam power. This disc by means 
of gearing traverses a platform from right to left, then returning; 
by this means a cork is no sooner cut on one side than a cork is 
cut on the other. The square body to be rounded is placed in a 
groove, the gearing seizes it in the manner of a piece of wood in a 
turning lathe, by ita extremities, advances it to the ont the 
circular knife, and in an instant the rough block of cork becomes 
a shaped article. The ease with which this machine does its work 
is surprising. An active cork-cutter working by hand can turn 
out on an average eight gross of corks a day: by this machine 
fourteen gross oF corks can be made in an hour. The corks can 
be cut perfectly cylindrical, or bevilled to any required angle by 
slightly elevating the horizontal disc. We also noticed among 
the American contrivances in this court, a bolt which has all the 
excellence of a rivet, with this advantage over a rivet—that when 
required it may be moved from its place without much trouble. 
It is well adapted for the frame-work of locomotives and railway 
carriages. The bolt passes through an iron frame or through 
wood-work, and is secured behind by a nut. But as a nut is 
liable to be unturned in the extremity of the thread of the screw- 
bolt by vibration, and as many railway accidents have happened 
from the fact of bolts having parted for the want of their retain- 
ing nuts, in the present case the nut is kept in its place by hav- 
ing a spring inserted into it, which adapts itself to the ratchet 
work of a hollow washer. Messrs. Lawrence and White, of 
Melrose, N. Y., are the inventors. 

The curious in pianos should examine those in the American 
court. The internal arrangements of these instruments are 
novel; the dtrings are not all in parallel lines like those in the 
usual pianos—on the contrary, the bass strings are placed at 
acute angles above the tenor and treble strings, and obtain the 
full advantage of the sounding-board. The motions of the ham- 
mers are not impeded by this arrangement. These instruments 
vie in power, tone, and cabinet work with any in the Exhibition. 
The American life-boat of Scholl, as shown by a rough model, 
developes a novel principle in its way. The internal fittings are 
below the centres of gravity and flotation, they are hung in the 
manner of a binnacle compass; that is, the persons within are 
always maintained in a horizontal position, while the hull, which 
hasno outer deck, is turned round and round rapidly. The steering 
apparatus and arrangements for a screw propeller are inside the 
boat, which when properly constrücted would, we have little 
doubt, pass through a heavy surf with safety. We step aside to 
notice a machine in the Sheffield court for testing the tensile, 
compressive, and torsional resistances of iron and steel. It was 
made by Greenwood and Batley, of Leeds, for the proprietors of 
the Cyclops works, Sheffield, and is by far the moat complete 
instrument of the kind that has fallen under our notice. It tests 
beyond fifty tons, not upon aliquot parts of a square inch of cross 
sectional area, but upon the whole square inch. 
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Chemistry an aid to Archeology.—Lately, under the walls of the 
ancient cháteau of Verteuil, two stone tombs have been diacovered, 
each containing à human skeleton in a perfect state of preserva- 
tion. These tombs, of a rude style of workmanship, contained no 
inscriptions whatever; thus the archwologists were completely 
at a loss as to the precise date of their origin. A distinguished 
chemist, M. Gouerbe, however, by the analysis of the bones 
found therein, completely resolved the problem. The analysis of 
the humerus showed, among other results, that these bones con- 
tained 10°47 per cent. of organic matter. But we know that living 
bones contain 33 per cent.; then, during the unknown period of 
sepulture 22:5 per cent. of organic matter had disappeared. If 
we kuew the quantity of organic matter decomposed each century, 
by dividing the total loss 22:5 by the quantity lost each century, 
we could arrive at the period of inhumation. Now this centennial 
quantity is easy to be ascertained by the analysis of bones found 
in tombs of known date, and M. Gouerbe, from the fact that all 
azotic matter is destroyed at the end of 1100 years, as appears by 
analyses on various tombe, proves that in enclosed sepulchres 3 per 
cent. of organic matter is decomposed every 100 years. Dividing 
22:5 by 3, we have 7 centuries and a half for the period of inhu- 
mation of the bodies, giving A.D. 1112 as the date of sepulture. 
A curious instance of the accuracy of M. Gouerbe’s theory is that 
M. Drouin, Member of the Bordeaux Academy, had independently 
fixed a.D. 1110 as the date of the tombs. 


Bread and Lead.—Very lately a curious case, perhaps without 
parallel, occurred at Chartres and the environs, of poisoning 
with lead. Eight communes of the department of Eure-et-Loir 
were attacked with violent colics, which were attributed by the 
ope to the wheat having been altered or decomposed by hail. 

t was not long before these colies became epidemic, and many 
Inhabitants perished thereby. Docteur Girouard the younger (of 
Chartres), persuaded in his own mind that lead was the cause, 
examined all the food consumed by the people of that district, in 
conjunction with several other medical men to whom he had 
mentioned his ideas, and soon discovered lead in the bread. He 
at once went to the miller who ground the flour for the afflicted 
communes, and discovered that the miller had for some reasons 
of his own plugged the holes in the millstones with lead, a consi- 
derable portion of which was constantly being mixed with the 
flour. Docteur Girouard had the satisfaction of seeing his opinion 
confirmed by the total cessation of the epidemic as soon as the 
lead was removed from the millstones. 


New Description of Telescope.—At a meeting of the Academy 
of Sciences in Paris, last month, M. Leverrier presented a notice 
of telescopes of a new description, on the part of M. Foucault. 
For the last few years M. Foucault has been endeavouring 
to construct reflecting telescopes with the specula formed of 
silvered glass, but the invention will only be of decided im- 
portance from the time that he can produce a glass speculum 
superior in power to the largest achromatic lenses now in use. 
The first partial success was obtained in constructing mirrors 
of 10, 20, and 40 centimetres diameter. Now, a large one has 
been constructed 80 centimetres (2:62 ft.) diameter, with a focal 
distance of 4m. 50c. (1477 ft); it has been fitted into a Newto- 
nian telescope, and, for the last three months has given perfect 
satisfaction. M. Leverrier considers it a really valuable acqui- 
sition to the observatory. This enormous disc of glass of great 
thickness, and of convex form on the reverse side, was cast in the 
St. Gobain glass works, under the direction of M. Sautter, the 
director of the works for the lenticular lenses for lighthouses. After 
being cleaned up for polishing, it was taken to the workshops of M. 
Secretan, and put into the hands of the opticians, to work it into 
proper curve by hand-labour alone. It was apparent at first 
sight that for such exceptional dimensions extraordinary methods 
should be resorted to. In eight days the polishing, first with emery, 
and then with crocus or red oxide of iron, brought it to the proper 
curve, all by hand; it was tested step by step with the sphero- 
meter; at the end of a week a surface was formed of an even 
grain as nearly spherical as possible, the back having been left 
slightly convex for the better rigidity of the reflector. The 
telescope, meanwhile, having been completed, it was temporarily 
mounted on a wooden stand, which can be carried out from the 
observatory rooms and placed on any convenient spot. It can be 
placed on an equatorial stand at any time, but M. Leverrier pre- 
fers transporting to the South of France some of these large 
instruments which, to use his own words, '*/'atmosphere impure de 
Paris rend très-souvent inutiles." 
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CLASSIFIED LIST OP PATENTS SEALED IN JUNE, 1562. 


2086 Hemingway, J.—Ornamentation of textile fabrics — December 4 
8040 Hacker, H. G.—Manufacture of chenüle— December 4 
3067 Lawes, T.—Manufacture of quilte and coverlets— December T 


8110 Leeming, J. —1ooms for weaving—December 11 


2249 Lord, E. —Preparing cotton and other fibres - December 28 
8075 Mellowdew, T.— Dyeing and printing fabrics— December 7 
3199 Pereau, E. E. —Cleaning woollen fabrics (com.)—December 20 


903 Loft, J. T.—Machines for printing in colours—April 2, 1862 
8203 Le Souef, D. C.— Printing cylinders (com.)—December 20 
165 Jaques, J. A.— Elastic surface rollers— March 18, 1862 


$21 Mackenzie, A.—“ewing machines — February 7, 1862 

368 Coltman, T.—Sewing machines February 12, 1863 

8190 Evans, È. c- Sewing machines—December 20 
8048 Knowelden, J.—Pumps—December 5 
8065 Schramm, H. G.— Rotary engines and pumpe (com.)—Deoember 6 


$088 Brooman, R. A.— Uses of gases and elastic fluids to obtain motive power (com.) 
— December 9 


8167 Sheppard, 8. — Cocks—December 18 
3 Johnson, J. H.—Hose joints (com,)—January 1, 1862 


3090 Alexander, H.—Apparatus for making gas-burners — December 10 


555 Sim, J.—Gas-meters —March 1, 1862 
17 Gulknecht, J. S. — Meters—January 1, 1862 
3052 Cochrane, J.— Wet gas-meters—December 5 


$060 Napler, J. D.—Brakes—December 6 
3117 Longridge. W. 8.—Wheels—December 12 
uantiu, P.—Sleepers—December 18 
iggin, J.—Brakes— January 34, 1862 


$205 Morris, T., and Weare, R. -Submarine bei iier —December 21 
$109 Potter, J.—Joining telegraph wires—December 11 


908 Pooley, H.—Weighing-machines and bridgee— March 81, 1862 

8187 Appalby, H.—Machinos for boring broom heads, &c. - December 18 
3193 Walkland, G.— Machines for winding lace on cards—December 20 
38312 Kemp, W.—Brushing mills — December 21 

8258 Payne, J. B. — pinning machines—December $0 

914 Johnson, J. H.—spinning machines (com.) —April 1, 1862 


3211 Selby, F.—Boilers— December 21 
8234 Shepherd, J.— Apparatus for cleansing steam-boilers—December 26 


1178 Scoville, G.—Pistons for steam-engines— April 22, 1862 
$207 Grimaldi, F.— Rotary steam-bollers—Deceinber 21 
TO De Normandy, 4. R. M.—Fising tubes in plates—January 10, 1862 
$368 Green, T., and Green, W.—Chain wheels — December 81 
102 Hughes, E. W.—Malleable cylinders -January 14, 1862 
8239 Silver, T.—Steam governors— December 37 


$024 Ralston, G.— Coating for ships’ bottoms (com.) - December 9 
8129 Friend, J. W.— Viger for measuring speed and distances—December 13 
3194 Tipple, W.—Paddle-wheels— December 20 


$068 Clark, G.—Iron armour-plates for vessels—December 7 


$261 Henry, M.—Fire-arms (oom.)— December 28 
$072 Hutchinson, W. N.—Ordnance aud projectiles—December 7 
3245 McIntyre, J. —Bomb-shei]s— December 27 
309 Newton, A. V.—Fire-arms 'com.)—Feb 5, 1862 
841 Winans, W. L.—Mountiug ordnance March 27, 1862 
183 Corngorth, i= Gun barreh—Jannary 24, 1862 


$069 Jolley, R, — Gases, &c.—December 7 

8076 Gerland, B. W.—~uiphate of copper— December 7 

$241 Moreau, P. A. — Fatty aud resinous substances (com. )— December 27 
163 Martin, L.— Mineral oila.—Jannary 22, 1862 


$196 Clark, W.—Lacifer matches (com.)-—December 20 
3217 Rosiudell, J.—Apparatus for separating solid from liquid substances—Dec. 24 


8082 Fordred, J.—Improvement in treating linseed oil — December 9 
$118 Tounar, A.—Brewing— December 12 


$289 Jones, J.— Lead and other soft metalas—- December 26 
199 Romaine, B. —Steam cultivator—Janaary 17, 1862 
8242 Bright, T.—Chaff machines— December 27 


8113 Lightfoot, W.—Bridle— December 12 
794 Marsh, T.—Hames for horses — March 22, 1862 


$044 Brooman, B. A.—Photographic albums (com.)— December 4 
3115 Wiley, W. E.— Pencil cases, &c.—Deeember 12 
39 Newton. A. V.— Manufacture of cigars (com.) — Jannary 6, 1862 


$200 Wailes, R.—Apparatus for cleaning windows, &c.—Decem ber 30 
$280 Standing, T.—Cinder-sifters - December 26 
810 White, T.—Nut and lobster-crackers— March 24, 1862 


3185 Treuille, A., and Traxler, F.—Cards and tickets (com.) —D»cember 19 
$268 Haslam, J.—Blind-racks.—December 31 
148 Mappin, W. S.—Locks--January 20, 1862 
96 Belloche, F. 8. — Parasola—January 8, 1862 
3200 Harvey, J. F.—Umbrellas and Parasols—December 24 
8087 Clirk, W.—Gloves (com.) - December 9 
3099 Vogl, D. — Garmenta—December 10 
$218 Smith, C.—Stays— December 24 
3218 Smith, C.—Stays—December 24 ‘ 
$215 Bodmer, L. R.—Knapeacks (com.)— December 24 . 
403 Renison, T.—Water-closeta — January 15, 1862 
3094 Daguzam, V. L.—Paving roads— December 10 ý 


2098 Redier, J. A. J.—Waiches—December 10 \ 
1808 Tyler, J.—Clarioneta— May 8, 1862 
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LECTERN, INTERNATIONAL EXHIBITION 1862. 
(With an Engraving.) 

Tae Lectern we illustrate in the accompanying plate is the 
production of Messrs, Hart and Son, of Cockspur-street, London, 
designed and manufactured expressly for the International Ex- 
hibition. The workmanship does them great credit, and is likely 
to add to the reputation of this already eminent firm. Their 
labours were rewarded with a medal, “for great beauty and 
variety of design, and perfection of workmanship.” 

The lectern is divided into three stages in h ight, terminatin 
with an allegory—the Gospel overcoming Infidelity, represente 
by an eagle trampling on a dragon, which supporta the book rest; 
under this is a foliated crown, the band of which is ornamented 
by twelve crystals set in patere; then comes a quatrefoil 
column with cap, base, annulet; under this again are 
six small shafte with caps and bases, surrounding the main or 
centre one, resting on a blocking. The base is circular on plan, 
surrounded by six scroll straps, connecting it with the blocking 
on the centre shaft. The whole rests on eagles’ claws, one 
coming under each strap and fixed to the base by riveta. On 
the book rest is a cross, surronnded by the evangelistic signs in 
black incise, on the underside is a foliated decoration. The 
whole was designed by Mr. Bentley, architect, London. 
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CONVENTIONALISM IN ORNAMENT. 
Br Joun P. Szppor, M.R.LB.A. 


“ CoNYENTIONALISM" I take to mean, primarily, what is artificial, 
in contradistinction to what is natural, and “conventionalism in 
ornament” the artificial treatment requisite to maintain con- 
sistency with regard to its material, purpose, and position, The 
word will, however, bear other meanings, for when applied to 
what is alrendy artificial, its object can only be to express that its 
artificiality is intensified: it is so in relation to architecture; 
thus, in the Dictionary of Architecture it is defined to be “ that 
general acceptation of some arrangement or disposition in art, or 
objects of art, at variance with the strict canons of taste or laws 
of propriety, but admitted by common assent, either from habit 
or to suit some special purpose otherwise unattainable.” Now this 
definition is correct doubtless so far as regards its application to 
architecture, because that art is altogether artificial itself, and 
therefore the application of the term conventional to it would 
refer to some extreme mannerism, some exaggeration defiant of 
the laws of propriety,—such as the constant repetition of the 
forms of carpentry rendered in stone, which characterises the 
buildings of India, and even the whole of the Classic styles. 
Almost all the so-called ornaments of the modern Italian build- 
ings, broken and misplaced pediments and the like, are indeed 
conventionalities, *at variance with the strict canons of taste.” 
Conventionalism, in the sense of mannerism, may also be fitly 
used as a term of reproach in reference to arts which do not 
rightly admit of such artificial treatment at all, and which, when 

` not drinking deeply of the spring of truth in nature, stagnate 
altogether. Such was the case with painting while under the 
Byzantine influence, before Cimabue, Giotto, and the early Chris- 
tian painters of Italy, infused life into its veins; and long, even 
in spite of their efforts, did many of the conventionalities of that 
period continue, as for instance the elongated, sleepy-looking 
eyelids of their saint of which malicious report averred that 
one of our esteemed Medimval revivalists was so enamoured, 
that he hung weights to his own children’s eyelids in order to 
make them grow into the said spprored form. And again, ata 
later period, when the art had thrown aside all these clinging 
cerements of its Byzantine sepulchre, it succumbed to the false 
conventionalism introduced by the school of Raphael, when, to 
the dicta of the fancied rules of high art, prieste aud prophets 
stalked about in blankets, and playe the parts of theatre super- 
numerariea, to bolster up one of the abaurdest of conventionalities 

—the theory of composition. e 

Conventionalism, however, in the meaning I have attributed to 
it in ornament, is by no means to be disapproved of; it is one of 
its essential characteristics; and its absence, not ite presence, 
therein, would be a violation of the strict canon of taste and laws 

of propriety. . 

et, as ornament stands as it were midway between architec- 
ture and its handmaids sculpture and painting—partaking of the 
character of each, being more decorative in its nature than archi- 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


‘way actually represents, the glo 
.tration given in Didron's ‘Christian Iconography’ of our Lord 


221 


tecture, more artificial than sculpture and peinting—the degree 
of this oonventionality proper to it is far less than that requisite 
in the former, aud far more than that which is desirable in the 
latter. It is not indeed easy to defiue its exact bounds, as they 
vary under different circumstances; yet, its aberrations on either 
the one side or the other are perfectly distinguishable, though 
with singular pertinacity almost all modern ornamenj trans- 
gresses in either the one direction or the other, consistently 
refusing to remain within the right bounds; whereas the orna- 
ment of every age, period, and clime, up to the period I have 
elsewhere named the Dark Ages, flowed on steadily, without 
any apparent wish to deviate from its proper oourse in this 
respect. 

My present object is to endeavour to point out the proper 
degree of conventionulism that should obtain in ornament; to 
mark out, as well as it is in my power to do, its boundaries; to 
give warning of the rocks that, like Scylla and Charybdis, lie on 
either side, in the shape of too close an affinity to, and of too 
great a neglect of, the type taken from nature. 

I shall assume then, firstly, the axiom that the type of all 
ornament must be natural or imitative of other work of man; 
for since, born in this world, man has no other ideas than those 
he has gleaned herein, some natural production, either animal, 
vegetable, or mineral, must be the type of that wherewith he, as 
an imitator without any pretensions to heing a creator, seeks to 
ornament his work; and if ambitiously he would portray scenes 
of heaven, hell, or localities of pure imagination, his angels will 
‘but prove to be a combination of humanity and wings; his devils 
will differ only from those in being ugly and black, with possibl 
the addition of tail, with horns and hoofs; while his most weird. 
‘like monsters can be but a jumble of fish, flesh, and fowl, flores- 
cent it may be of limb, and arborescent in their extremities. In 
the highest, because the most spiritual and purpose-ful, art the 
world has seen, that of Mediæval Christianity, if we were to 
isolate some of the conventional representations by which it was 
sought to signify matters and things beyond the power of art to 
imitate or conceive, from the context which justified the attempt, 


‘they would seem puerile enough. The nimbus round the heads 


of the tigures of our Lord may conventionally indicate, but it in no 
of his holiness. The illus- 


in an auriole supported by angels (from a carving in wood of 


'the fourteenth century), sufficiently and legibly stands as a eign 


of the heaven to which He is ascending, and is a fair conven- 
tional rendering of the firmament, with ite sun, moon, and stars 
—unpretending, yet in no way ridiculous in its place; and it 
may be ‘compared with advantage to the modern puerile and 
almost, blasphemous attempts to represent the actuality, by 
clouds resembling pancakes, and suns like exaggerated starfish, 
rores irreverently provoke smiles in the chapels of Westininster 
y. 

Ornament may be classed as either the representation of some 
type found in nature, or of the work of man; and these may both 
be treated with more or less of conventionality. 

As far as I have been able to examine, it would seem that in 
the rudest state of barbarism, among human beings scarcely raised 
above the level of the brutes, before they even gain sense suffi- 
cient to cause them to build themselves huts to live in, they 
make clubs to batter out each others’ brains; and these they 
delight to ornament so that the deed may be done in a gentle- 
manly and refined manner, according to their notions; and the type 
they select toimitate is the markings of the bark of the trees around 
them. The next step in civilisation is to build huts, and the 
next, in ornamenting them, is to whittle the poste in a similar 
manner. Again, if you look to the prevailing ornamente on the 
buildings of India and the East, a very slight analysis will show 
that the types are few, and derived by imitating in stone the 
features of previous wooden buildings; or, as Mr. Simpson re- 
cently pointed out, by carving as rosettes and beads in stone the 
jewels and strings of pearls which as offerings had been bedded 
in the plaster of earlier temples, So that out of the work of men 
before them, these Indian builders elaborated a t of conven- 
tional ornament, and not directly from nature itse 

So also did at a later date those authors of all architectural 
evil, the Romans, who, dangling from a peg a conglomeration of 
military boots, helmeta, cuirasses, and weapons, made such a type 
of conventional ornament; which piles of absurdities being termed 
trophies, were the precedents whence sprang all the abominations 
of the ornament of the Renaissance period, till the very name of 
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a trophy has in the never-(ailing course of justice been turned 
into ridicule by the far more sensible, if not more beautiful, 
pyramids of candles and kettles, pickles and toys, which encumber 
the avenues of the World’s Fair-booth of ay. 

But early at any rate, how early we need not pause to inquire, 
men saw also in the fair forms of the leavea and plants around 
them lovely shapes which it pleased them to reproduce, and in 
those of the birds, beasts, and fish which owned their supremacy, 
and in their own likenesses, worthy themes to carve and paint 
from; and their common-sense, or instinct even, told them that if 
they would reproduce these as ornaments they must at the same 
time obey the requirements of the materials in which they had 
to work them; that it being hopeless, as well as useless and wrong 
to try to make their work to be. mistaken for the things them- 
selves which they were copying, it needed some orderly arrange- 
ment, and in fact a conventional treatment, to adapt the types to 
their purpose; and it was left, not even to the Romans, though 
few were the artistic vices in which they did not indulge; not 
even to the Italians of the Renaissance School, though they 
parodied all the merits, and intensified all the demerits of Roman 
art; but to Grinling Gibbons and his crew, under Sir C. Wren, 
to tread roughshod over all the instincts of our nature in this 
respect, to dispense with conventionality, and vainly strive to do 
in stone and wood that which nature only has attempted to do 
in gossamer and guaze, forgetting the purpose and position their 
work should falfil and was destined to occupy; and so around 
and withiu the massive structure of St. Paul's hang their swags 
of fruit and flowers, mere tape-tied flimsy vanities, ignoring the 
fact that they are, and should appear to be, a part of ita stone- 
work, and rendering painfully obvious the barrenness of any 
proper decoration, the place of which neither they nor the 
oherubs that seemed nailed up everywhere like bats on a barn- 
door, can worthily fill. Yet these, with all their faults, can boast 
of consummate execution and great freedom and grace, that, 
were they otherwise employed, might command our admiration 
and respect. It isto the present day that thanks (if thanks be the 
due) we are indebted for the notion that the pellmell piling up of 
all the contents of the poulterers’ and fishmongers’ shop: strung up 
with neither order nor arrangernent, and with conventionality 
defied, is ornament! It is iu the International Exhibition of 
1862 that, if we seek them we may find (nay, we must find, 
even though we would avoid them) huge buffets and sideboarda, 
flanked by female giants in oak or walnut, which are neither 
usefal nor ornamental, and down whose panels, despite dogs’ 
heads and whatnot supposed to restrain them, slides a perfect 
cataract of ptarmigan and grouse, wild fowl and fish, lobsters 
and crabs, with other crustacæ and mollusks, all done indeed, as 
it is said, to the life, but as ornament absolute monstrosities, out- 
done only by the Robinson Crusoe and Shakespeare sideboards 
in which this species of the ridiculoua nearly attains the sublime. 
Against the other elaborate carvings in wood, which are placed 
under glass cases in the English and French furniture courts, there 
is no euch objection to be made: they are simply what they profess 
to be—mere representations of d fighting, groups of animals 
dead or alive, wonderful in their way for elaborate execution, 
but not pretending to be ornament, for which they are totally 
unfitted. 

You see, therefore, that ornament, which I have broadly 
divided into the two classes—viz., (1) that founded upon natural 
types and (2) that founded upon the work of man—is liable to 
error, either by lack or by excess of conventional treatment, and 
that each class has its own peculiar vices. Modern ornament is 
mostly of the first description ; and I think I could not give you 
& better typal example of it than those gates in the nave of the 
Exhibition, whose thin metal foliage looks like the unpruned, 
ragged, well-ainoked side of a hedge in a London square, or like 
natural leafage rubbed over with black lead; the unfitness of which 
for the purpose I am sure all will confess, if they will compare it 
for a moment with the far more rightly treated work on the 
screen for Hereford Cathedral (in the transept) by Mr. Skidmore, 
of Coventry. 

Almost all Oriental art is of the latter class, the entirely con- 
ventional and may be seen in very glorious perfection in the 
Courts of India, China, Japan, and Turkey. It is almost always 
right in principle, ful in form, but it is difficult to discover 
any specific types for its foliage and flowers; its principal excel- 
lence seems to be its unerring harmony of colour, which makes 
our best European attempts appear faulty experiments in com- 
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poss in this respect.* It is strange that these qualities should 
found together with besotted superstition, and cruel and 
bestial criminality, as recent events that have passed into history 
have proved. But the arts in those climes seem to have stag- 
nated at this point of perfection for centuries, and they show 
neither progress nor healthy study of and delight in nature, the 
foliage being altogether nondescript, and the figures introduced 
rather being monstrous than grotesque, and telling little or no 
story—at least such is the case with Indian work generally; 
whereas, in Japan, where manners we are told are more genial 
and civilised, there seems to be altogether a better or higher 
class of art practised, even if in leas perfection of the same me- 
chanical sort. Among their bronzes in the exhibition are to be 
found much grotesque work of a pleasant character, almost 
resembling the Mediæval; and their japanned goods present some 
splendidly treated birds and plante, in which the spirit and 
beauty of. nature is preserved, with a proper degree of conven- 
tionalism. Of the glorious Mediæval grotesque itself, the present 
Art Loan Collection, and also, I am glad to aay, that in the 
permanent collection in the South Kensington Museum, present 
many splendid specimens, which deserve the deepest study. 

The best Classic and Mediæval ornament seems to hold the 
proper middle course between over-conventionalism and over 
naturalism; and to Greek art we may refer for, I think, perhaps 
the most excellent work of the class the world has produced. 
The Greeks seem to have had little invention, but the most ex- 
quisite feeling for grace and proportion. Their types of orna- 
ment are few, and seem to be derived from the earlier Egyptian 
or Oriental styles, but their constant repetition and little variety 
is somewhat monotonous and lifeless. The Romans, who stole 
all they had of art from the Greeks and then vulgarised it, took 
np the type of the acanthus leaf and worked it to death; but its 
merits are yet so great, that we should acknowledge them more 
gratefully were we not absolutely wearied of it by its fulsome 
repetition in modern days It was in the Romanesque style 
that life and vigour was first infused into it, and its leaves 
bend under the bells of the capital, and intertwine and 
writhe as leaves should do, yet always like leaves of stone; 
whereas, in the Corinthian capital, they are so treated that 
they look as if they neither could nor dared to deviate one 
hairs breadth from the ordered arrangement and precise atti- 
tude in which they were first put; so that even that moet 
melancholy of modern makeshifts, the casting the “re 
leaves in cement, and sticking them around the smoothed bells 
of the capitals, hardly seems to do them violence (although of 
course no capital of any other reasonable style would submit to 
be so treated without the utter degradation of the whole); and 
we can bear to see them in Belgravia, veiled in wire-basketa from 
the access of sparrows and the inspection of men, without a 


ng. 
Phe Romanesque and the Byzantine ornamenta were both 
developments from the Classic acanthus work; and I might 
dwell upon the host of interesting examples we still possess of 
either class, but to give an historical survey of all that has been 
done in the way of ornament is not my present purpose; so I 
must leave the ever-varying capitals of St. Mark's at Venice, and 
of the numerous Romanesque churches in Northern Italy and 
on the banks of the Rhine, and the very similar works in France, 
such as that at Poictiers, and the cotemporary Anglo-Norman 
work; merely by the way calling attention to the vigour and 

tesque fancy with which they all abound, and the superior 
reedom from restraint in their foliage in comparison with tbat 
of their Classic prototypes. But this freedom and vigour was 
retained, while far greater precision and care in execution pre- 
vailed, as soon as the Gothic element began to modify the arta of 
Western Europe. Men were then no longer content with the 
worn-out Classic types of ornament, which gave but little scope 
for their energy and love of variety, and they began to see that 
nature teemed with forms quite as suitable for their purpose as 
the hackneyed acanthus. A complete Flora in stone soon attested 
the success of their studies. Upon this I desire to dwell some- 
what. 

(To be concluded in owr next. ) 


* I wish to call attention particularly to the absence of raw colours in their work, 
whereas the eye is elsewhere continually injured, as not a little in the decorations of 
the building, by rude, crude, cheap vitramarine, upon which nasty pigment it were 
much to be a heavy tax might be laid, if not an altogether prohibitory daty. 
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GAS ENGINEERING AT THE EXHIBITION. 


Many important enm improvements have been made in 
tbe manufacture and distribution of coal gas during the eleven 
ears that have elapsed since the great Exhibition of 1851. 
ese improvements relate however more to the economical 
production of gas than to any actual improvement in the 
quality, though the public have to a considerable extent derived 
benefit, not only in a reduction of the price charged, but in being 
supplied with of increased illuminating power. One import- 
ant effect of the experience gained during the past eleven years 
has been the resolving of doubts respecting the substitution of 
some other material than coal for the production of illumination. 
Many have been the plans proposed, some of which bid fair for a 
time to supplant coal gas, but they have one by one lost favour; 
and it is now more fully established than at any period within 
the last twenty years, that coal gas affords the cheapest and the 
cleanliest mode of obtaining artificial light. Nor ought we to 
omit to mention, as an important event in the history of gas 
lighting, the application of Boghead coal, which material had 
been eaver only a short time before 1851, and the import- 
ance of which, in the manufacture of gas, was then unknown. 
That substance—a richly bitumenised coal found near Edin- 
burgh—-produces gas of three times higher illuminating power 
than Newcastle coal; and it has sipping the means of readily 
improving the quality of the poorer kinds of coal-gas. It is now 
largely used for that purpose in most gas works. 
he improved processes of manufacture consist in the appli- 
cation of more economical plans of distilling coal, by the use of 
earthenware retorts; in the use of oxide of iron for the purification 
of gas in towns; and in the additional value that has been given 
to the waste products by new chemical discoveries. 

The advantage of employing earthenware retorts as a substi- 
tute for iron was discovered by Mr. Grafton as early as 1820, but 
it was a long time before gas companies could be convinced of 
their superiority. These retorts require a peculiar mode of 
working to produce gas of an equal degree of illuminating power, 
and, as e and set when first introduced, they were attended 
with great leakage of gas. To prevent that loss it was found 
necessary to employ “exhausters,” to reduce the pressure of gas 
in the retorts, and with that addition and improved modes of 
eonstruction and setting, the inconveniences of clay retorts were 
removed, and their durable qualities were found to make an 
important difference in the cost of retorts. Of earthenware 
retorts, of fire bricks, and of different modes of setting, to form 
“beds” of retorts in which the fuel for heating them is applied 
in the most economical manner, there are many illustrations in 
various parts of the Exhibition building. In the eastern annexe 
there is a model of a setting of seven double clay retorts (283), 
exhibited by Mr. A. Potter of Newcastle-on-Tyne, which presents 
some peculiarities; and in an open court of the same annexe there 
is a full-sized setting of six of Mr. G. Walcott’s clay retorts (387), 
in which the ordinary mode of setting is reversed; the spaces 
between the flues, which are made of hollow bricks, forming the 
retorta wherein the coal is distilled. In Class X. there are 
exhibited fine specimens of clay retorts and fire bricke by Messrs. 
J. Cliff and Son, of Wortley, near Leeds (2259); by Messrs. J. 
Cowen and Co. of Newcastle-on-Tyne (2265); by Messrs. Fishe 
Brothers aud Co., of Stourbridge (2281), and by other manufac- 
turers: and Messrs. Ramsay and Sons of Newcastle, and some 
makers of clay retorts from Stourbridge, contribute largely in 
the eastern annexe. 

The improved process of purification by the oxide of iron has 
been the cause of much litigation, as there were several claimants 
to the invention of the process. Mr. Hills, who has succeeded in 
establishing his claim, has, it is understood, made as mucli as 

per annum, by granting licenses to use the process, but 
the term of his patent has now nearly expired. The principal 
advan of that method of purifying gas consists in ita avoid- 
ance of the strong disagreeable smell that is produced when lime 
is employed to deprive foul coal gas of its sulphuretted hydro- 
gen. The sulphur is liberated by the oxide, or combines with it 
in the form of proto-sulphide, withont any smell, and one great 
advan of the process is that after exposure to the air the 
oxide of iron becomes revivified, and may be used over and over 
again. The use of lime is still necessary to remove carbonic 
acid, which is one of the greatest impurities of coal gas, The chief 
benefit therefore that is derived from the new method of purifi- 
cation is the removal of a nuisance, which when lime alone is 
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used is very great, and renders the establishment of gas works in 
a popilous locality next to impossible. The method of applying 
the oxide of iron process differs little from that of purifying g 
by means of dry lime, and there is no exemplification of either 
plan of purification in the Exhibition; but there are several 
specimens of improved valves and for regulating the 
flow of to and from the purifying chambers. The four-way 
valves of Messrs. Cockey and: Son of Frome, that are among the 
best and cheapest contrivances of the kind, are exhibited in 

X. (2261), and near to them are the valves of Mesars. C. Walker 
and Sons (2357); whilst among the macbinery in motion, in the 
western annexe, will be found valves for gas by Messrs. Donkin 
and Co, (1840), and by Mr. J. Beck (1796). 

It has long been an object of importance with the manufac- 
turers of coal gas to turn the various products to the most valu- 
able account. The value of the coke alone is generally equal to 
three-fourth parts of the cost of the coal carbonised, and could 
it be produced from the gas retorts in the dense metallic-looking 
condition fitting it to be consumed in the furnaces of locomotive 
engines, its value would exceed that of the coal distilled. Many 
attempts have consequently been made to give increased solidity 
to gas coke, by employing loger retorte, and by conducting the 
process more slowly. Such attempts have, however, generally 

iled, for the gas permed at a comparatively slow heat pos- 
sesses much less illuminating power. Among the many con- 
trivances proposed and tried during the last few years was one 
for making metallic coke in large ovens, the gas produced being 
considered merely as a product of the manufacture, to be sub- 
sequently rendered illuminating by impregnation with hydro- 
carbons. The most successful plan of this kind is that of Messrs. 
Pauwels and Dubrochet, who have taken out several patents 
for it, and it has been successfully applied on an extensive scale 
in Paris. In England, however, there has not been much im- 
provement in the quality of the coke, but there have been great 
&dvances made in the application of the other products of gas- 
making, especially of the tar. That material, which formerly 
accumulated in gas works in quantities that were difficult to be 
got rid of on any terms, has, by improvementa in the chemical 
arta been converted into a great variety of articles, and promises 
to become a valuable addition to the income of gas companies. 
In the Great Exhibition of 1851 there was a single paraffin 
candle shown as a curious product from peat; in the present Exhi- 
bition there are tons weight of that beautiful substance, in crys- 
tallised masses or manufactured into candles, all extracted from 
the “waste” tar of works, Some of the most beautifal dyes 
are extracted from e same material and among the chemical 
products in the eastern anneze will be found numerous sam- 
ples of dyes and colouring matters obtained from coal tar. In 
a recent lecture delive by Dr. Lyon Playfair, at the Royal 
Institution, he displayed a great variety of silks and woollens 
dyed the most beautiful colours with the producta of coal tar, 
and for the purpose of presenting iu a striking form the result 
of chemical pro essem, he placed on the lecture-table a block of 
coal weighing 100 lb, aud ranged round it were the various 
colouring matters produced from the distillation of a similar 
mass, aud the quantities of wool died with equal quantities. The 
facility of obtaining dyes of almost every colour from coal tar is 
so great, that Dr. Playfair anticipates that this oountry will, in a 
few years, become the exporting country for dyes, even to those 

ria of the world whence we have hitherto been accustomed to 
import them. 

o facilitate the introduction of gas lighting in villages and in 
private establishments, remote from gas mains, several forms of 
apparatus have been contrived for mannfactnring gas on a small 
scale, and of these there are three exhibited. Messrs. Porter 
and Co. of Lincoln, and of John-street, Adelphi, exhibit in Class X. 
a complete apparatus of this kind, which, within a small com- 
pass, comprises all the things requisite for distilling the coal, for 
parifying the gas, and for distributing it to different parts of a 

uilding. The patentees assert that the apparatus is cleanly and 
devoid of nuisance in its working, and that it produces gas at a 
price, varying with the size of the apparatus and the cost of 
coal, of from le. 9d. to 4s. per 1000 feet. The charge for a com- 
plete gas-work, capable of supplying fifteen lights a day, is only 
£50, and the price for larger siz-s is less in proportion. Mr. 
Bower, of St. Neots, and Mr. Edmundson, of Dublin, also ex- 
hibit in the same class apparatus of a similar description, and 
the Irish invention professes to have the additional advantage of 
cooking a dinner with the fire employed in heating the retort. 
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Some of these diminutive gas works are portable, and they might 
be placed on board ship to light the decks, or on a railway truck 
to supply gas for illuminating a train of carriages. 

The apparatus in the Exbibition connected with the distribu- 
tion of particularly gas meters and gas fittings—is abun- 
dant. In a small court in the south-east transept there are 
placed specimens of meters by nearly all the principal makers; 
and others are dispersed in various parts of the building. Mr. 
G. Glover, for example, has a separate stall (2291) in Class X., 
and in the same class the meters made by Messrs. Laidlaw and 
Sons, of Glasgow, are exhibited; while in a far-distant corner of 
the northern gallery there is placed a specimen of the meters 
made by Mr. Sugg (6350). Wet and dry meters compete with 
each other in nearly equal numbers, and those who are interested 
in the construction of this ingenious kind of self-acting appara- 
tus will not fail to be gratified by an inspection of Mr. Richards’s 
case (6342), containing a collection of many kinds of meters in 
various stages of manufacture. In several instances the instru- 
ments of other makers are fitted with glass fronts, to show the 
action of the wheels or diaphragms. The last invention by the 
late Mr. Clegg, the original inventor of the gas-meter, is exhibited 
by Mesars. Bischoff, Brown and Co. (6283), and, like all the appara- 
tus of his invention, it aed suc dn great ingenuity. Gaseliers, chan- 
deliers, and gas burners o every description of ornamentation, are 
amply represented in different parts of the building, particularly 
in the meter court already noticed, and among the hardware 
manufactures. Messrs, Hardman and Co. have a court of their 
own in the south-east transept, filled with Mediseval metal work, 
including a variety of gaseliers. Messrs. Hart and Son (6307), 
Messrs. Hulett and Co. (6317), Messrs. Messenger of Birmingham 
(6327), Messrs. W, Winfield and Son, also of Birmingham (6257), 
and the Skidmore Art Manufactures Company of Coventry, are 
conspicuous in the display of numerous elegant and brilliant 
devices for the burning of gas. It is curious to observe the 
variety of ways in which one of the most important recent inven- 
tions is applied by modern artificers to the semblance of objects of 
past times, so as to adapt, if possible, the practical improvements 
of the present age to the imitation of devices of an age in 
which gas-lighting was undreamed of. We do not notice, 
however, that in any instance has iunovation proceeded so far as 
to make a jet of gas issue from a fictitious wax candle at an 
altar table; though the apparent miracle of an ever-burning 
non-consuming candle might have been turned to good account 
in monkish times, 

On taking a rapid retrospective glance at the improvements in 
gas lighting since the last Exhibition, they appear to be rather of 
a solid practical character than to present auything brilliant or 
striking. They have tended hitherto rather to improve the 
position of gas companies than to benefit the consumers of gas, 
though the latter have partially experienced the advantage of a 
diminished price with improved quality of light. The business 
of gas lighting has been advanced from a speculative under- 
taking to a well-regulated commercial enterprise, aud very high 
pe are no longer considered necessary to recompense share- 

olders for the risk of engaging in such works, In all recent gas 
Acts of Parliament, clauses have been introduced limiting the 
profits to 10 per cent. at the most, and the rapidly improving 
circumstances of nearly all gas companies are bringing them near 
to the highest paying point, after which all further addition to 

rofits must be devoted to reductions of charge. The increasing 
acility of manufacture, and the increasing value of the '* waste 
products” of gas works, will thus tend in a few years to produce 
a still further reduction in the price; and, it is to be hoped, a 
further improvement in the quality of gas. 


oe 


PASSAGE, ON THE LEVEL, OF A TORRENT ACROSS 
THE CANAL DU MIDL 


Among the very interesting and instructive collection of 
models and drawings of French engineering works now in 
the International Exhibition, may be seen a model 1-25th 
full size and two drawings, representing a work certainly 
unique in its character,—no other than the passage, on the 
level, of a torrent across a canal. The torrent in question is 
the Libron, which crosses the last level but one of the Canal du 
Midi (called the level de l'Ecluse Ronde) at a distance of 1300 
metres from the Mediterranean. Often dry, and commonly con- 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


(Ang. 1, 1862 


taining but a scanty supply of water, the Libron suddenly 
assumes in wet weather the character of a violent torrent, 
bringing with it masses of sand and gravel detached from the 
friable mountains and rocks among which it takes its rise. 

At the point where it crosses the canal the bottom of the bed of 
this torrent is even with the higher level of the water, which 
only exceeds the mean height of the sea by 90 centimetres or 
about 3 feet. This circumstance rendered if impossible to con: 
struct such & work as would in ordinary cases be employed to 
keep an artificial watercourse clear of the natural streams with 
which it meets. 

The inadequacy of the fall made it impossible to take the 
Libron under the canal by a syphon aqueduct, which would have 
been liable to get constantly choked with sand. And the carry- 
ing the canal by an aqueduct above the highest floods of the 
Libron was also in a sense impracticable, since it would have 
involved raising the canal many metres above the level of the 
plain for a distance of more than 20 kilometres (12 or 13 miles) 

Düring the first years of the execution of the canal, the 
Libron had no determinate bed. After rains its waters spread 
over the plain and discharged themselves at many points into 
the level de l'Ecluse Ronde, filling it with sand and gravel to 
such an extent as to render dredging necessary to restore the 
navigation interrupted by these deposits. 

The first step taken was to confine the waters to a single bed, 
and carry the stream across the canal through a species of lock 
or basin having transverse and wing walls, the course of the 
canal through the lock being commonly open, but closed during 
the rains by strong dams; which were fixed by means of grooves 
in the masonry, and removed after the turbid watera had spent 
themselves. This arrangement confined the silting up of the bed 
of the canal to one spot; but the barges were stopped not only 
during the continuance of the floods, but also during the placing 
and removal of the dams, and tie re-excavation of the basin. 

Subsequently these interruptions of the navigation were short- 
ened by placing in the basin a pontoon having its deck level with 
the bed of the stream, and having at its sides wooden bulwarks 
of sufficient height to convert it into a species of aqueduct deep 
enough to carry the flood waters. In ordinary weather this 
pontoon was moored on one side, out of the way. In seasons of 
flood it was placed across the basin, so as to form a distinct 
channel for the torrent, and while in this position it of course 
stopped the passage of the boats. : 

t length, after the HonPMgen of the year 1853 (which extended 
over no less than a hundred and five days) it was resolved 
instead of replacing the pontoon, which had given way under the 
weight of gu aud sand deposited on it, to try to devise an 
expedient for keeping the navigation uninterrupted. This end 
wa8 attained by means of the present work, of which the follow- 
ing is a description. 

At the meeting of the Libron and the canal two new beds or 
branches symmetrically placed were dug for the stream, starting 
at 50 metres above the canal, and reuniting at the same distance 
below it. These two branches, each of which is of equal section 
with the old bed, are separated by a basin exactly similar toa 
lock, and affording room for one boat. 

In these two branches are placed, on each side of the canal, and 
in a direction parallel with it, an equal number of arch ways divi- 
ding each arm into bays, which can be closed against the stream 
by floodgates working in timber framing. By means of these 
floodgates the torrent can be stopped, and caused to flow throngh 
whichever channel is desired. 

To keep the turbid waters from mingling with the waters of 
the canal, movable aqueducts or troughs of timber are provided, 
two in each bay, of the same width as the bays, and of a length 
equal to half the width of the canal. These troughs are sus- 
pended from trucks, which run on rails carried on vaults of 
masonry, which are built across the canal. 

During floods the torrent passes alternately through each of 
the two branches, as they are opened and closed by the sluices. 
In the branch where the floodgates are open, the troughs are 
brought together, so as to cover the entire surface of the basin 
corresponding to each bay. While in this position they stop the 
passage of the boats. On the other hand, in the branch of whieh 
the floodgates are closed, the troughs are withdrawn into the 
recesses contained between the abutments of the vaults thrown 
over the canal and the arches, leaving an open for the 
boats. These recesses are made deeper than the bed of the tor 
rent in order to take the troughs, and are covered with movable 
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flooring to prevent the silting up which would otherwise impede 
the movement of the troughs. 

lt will readily be understood that from whichever side a boat 
approaches (during floods) the torrent is turned through the fur- 
ther channel, until the boat passes into the lock in the middle, 
where it is made fast. The troughs of the branch which the 
boat haa to through are then run together, the flooring low- 
ered, the sluices drawn up, and the torrent flows for some 
moments through both branches at once. As soon as the stream 
has set well on the side by which the boat entered, it is stopped 
in the other branch by closing first the up-stream and then the 
down-stream sluice. What water remains is run off into the 
canal by a valve provided in the partition of the troughs, The 
flooring in the recesses is then raised again, and the troughs are 
ran back, leaving the passage open for the boat to continue its 
journey. 

ag 


THE OXFORD NEW MUSEUM. 


Ix our last number we gave a series of sketches from beautiful 
capitals and corbels in the Oxford New Museum, intending them 
to exhibit a peculiar development of art-handicraft in the present 
time, which is well worthy the attention of architects on account 
of its novelty in modern times, its significant revival of an old 
power long lost in the mere mechanism of the common workman 
who follows the template and the sketch with most stupid and 
dreary persistency; or, amongst other advantages, as presenting a 
new opening for the development of intelligence in a class of 
men which may be of infinite service to the cause of art. It is of 
the greater importance that this matter should be well under- 
stood, insomuch that we have, in the very astute class alluded 
to, numbers of men and youths who would not be behindhand in 
forcing an opening for themselves to credit and competency if the 
value of their work were distinctly put before them, and acknow- 
ledged to be one of the most important developments of the art- 
education now going on throughout the kingdom. 

That this has sprung up originally, of its own strength, only 
fostered by the encouragement given to it by a gifted architect, 
now deceased, and liberally employed by him in decorating the 
Oxford New Museum, is a fact of some importance. It is indeed 
significant that the men who wrought these things owe little or 
nothing to the costly Government scheme which eucourages 
“design,” and is recognised in the “Department of Science and 
Art" It would appear as if here, where some education would 
seem most, useful and desirable, and might be readily afforded 
through study of the innumerable models got together from all 
parts of Europe by the “ Department" in question, noue has been 
given; so that again, as ever before, the original spirit of the 
thing has brought forth an able and valuable school of artisans, 
unnursed, and, it may be, unspoiled, by the mechanical routine 
of a drill system that has forgotten no small portion of its pur- 
pose in the extension of its means. 

Officially aided or not, there is evidence ample enough in the 
works in question to show the existence of a fine feeling for art and 
delicate Jove of nature, such as may notinjudiciously be guided to 
a good result, or left to find its own way to some end such as 
its healthy purpose may declare in time. If we cannot teach 
such men, we may at least advise those who might do much 
to extend the movement it indicates, and direct it into a right 
me At present these decorators and their class are evidently 

nt upon reproducing a sculptor's notion of architectural 
decoration, to the neglect of that held by all architects who have 
studied the history and characteristics of their art, and acknow- 
ledge ita limitations and peculiarities. 

e wrotelast month that the carvings before us are inte- 
resting, not only on account of their beauty, but from the fact 
that in them we have the native productions of the highly-skilled 
artizan, who, working almost independent of the architect, haa 
produced fron his own love of nature, works which will, in some 
respects, bear comparison with the finest Mediæval carvings 
similarly derived, and in no way are inferior, excepting in the con- 
ventionalising character, which resulta from a severely restrained 
course of study, bound to the development of architectonic 
sculpture, rather than that which we are accustoned to style 
sculpture per se. In order to trace how it is probable that this 

liar direction of the carver's ability has been derived, it may 

well to relate something of the history, purposes, arrange- 
ments, and character of the remarkable building they have so 
admirably decorated. 
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We must premise that to those acquaiuted with the history of 
sculptural art, so employed, this inquiry is the more significant, 
as they will recollect that the naturalistic character indicated by 
the drawings themselves, and our words above repeated, was a 
distinct mark of the decadence of the art, and found its most un- 
favourable climax in mere imitation by Grinling Gibbons, or the 
i wobec of the school of carving in France at that and the near 
subsequent time. Students thus informed, know the finest periods 
of architectonic carving are those of the severest development, 
being in fact coeval with the bloom of the Early English style, 
culminating in the so-called Early Decorated. Examples of this 
pes art, in somewhat archaic forms it is true, are or were to 

found in'the now mutilated wall arcade at Worcester Cathe- 
dral; some exist in Westminster Abbey, and, wherever the hand 
of the “spoiler” has spared them, in most of our glorious cathe- 
drals and abbeys, now, alas! so thoroughly “restored.” Ex- 
amples of the transition from the severely restricted chastity of 
this order of art are common enough. One of the best of these 
is the far-famed Percy shrine at Beverley. "We do not intend 
to compare the Oxford carvings with such work as this, while 
we acknowledge the merits of the Percy shrine, seeing that they 
are infinitely more genuine in their honest elaboration. 

Toreturn to the building. The ground plan of this edifice is 
quadrangular, three sides of an inner court are enclosed by 
buildings, comprising offices, lecture theatres, professors’ rooms, 
and minor museums. The fourth side is at present not so far 
carried out, but remains two corridors enclosed by arcades on its 
inner face. At some future time, the building will be extended 
so as to receive upon the fourth side a similar range of rooms 
to those now existing on the other three. The space inclosed by 
these chambers is a court; this, for economy and convenience, 
has been roofed over with glass, and contains the museum. 
In the original specification of what was desired for the building, 
this glazed central court was decided upon, and therefore ita 
adoption is neither to the credit nor discredit of the architect, 
whose difficulty was indeed how to give an architectural effect to 
it. In addition to the quadrangle, there are masses of buildin, 
placed on the north and south sides of the plan at their eastern an 
western extremities respectively. By this means much diversity 
of appearance has been obtained, and a number of favourable 
points of view. These structures are respectively dedicated to 
the Anatomical and the Chemical Sciences. Both are furnished 
with open yards, where plenty of air is obtainable, each being 
inclosed by the offices proper to the sections, which thus are 
separated from the main building—a ueedful precaution, and a 
considerable advantage. 

The laboratory, which occupies the southern angle of the 
chemical annexe, has been designed after the model of the 
Abbot’s Kitchen at Glastonbury; it is connected with the main 
building by about 50 feet of a lower corridor, and, together with 
the beautiful pyramid of its high-pitched roof, and the four chim- 
ney shafts one at each corner of the square basement, is ingeniously 
designed to allow the roof to take an octagonal form, by the 
bretsummers of the furnace hoods cutting off the angles of the 
main four square walls. The Anatomical buildings at the 
obliquely opposite angle of the main body being set back give 
considerable variety to that side also. The front, which is on 
the west side, advances in pian slightly beyond the corridar abuve 
referred to; the junction of the last is marked by an elegant 
turret and lofty pinnacle, which contains one of the stairways 
giving access to the upper galleries of the main edifice. 

The min front, thus described, is in two floors, with dormer 
windows in the roof. It extends, six windowa in either floor, on 
each side of a central entrance tower, where the wall-face, pro- 
jecting slightly in advance of the fagnde, is carried up to the level 
of the high-pitched roof-ridge covering the mass of the front, and 
terminates in a pyramidal slate roof, surmounted by well-designed 
ironwork. At the base of this tower is the porch, in a bold 
recess; over it are two broad lights, of distinctly pronounced 
oes having mullions, jambs, and heads carved most exqui- 
sitely. 

The general character of this building is Lombardo-Gothic, a 
character marked in the lofty pitch of the roof, the coupled form 
of the lights, their diverse grouping, which last is effected 
with great ability, the character of the quaint dormer windows, 
and above all by the style of the tower. The whole of the window 
mullions, jambs, hood mouldings, and heads they inclose, have 
been admirably carved by the artisans whose work we have 
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already introduced to our readers Most of these carvings are 
beautiful and original. Each of the extremities of the front, 
where the return is, has a pair of lights in it, well combined with 
a circular window above them. 

The disposition of the interior of this building was made in 
the most sensible manner. Each professor sent in an estimate of 
the space and nature of the accommodation required for his 
department, Under one roof, Astronomy, Geometry, Experi- 
mental Physics, Chemistry, Mineralogy, Geology, Zoology, Ana- 
tomy, Physiology, Medicine, have a home. These may be 
regarded as a model of convenient arrangement, the Museum 
being even more successful in that respect than in the architec- 
tural character of the edifice itself. Surrounding the interior of 
the building, and looking upon the glass-roofed court, are two 
arcades, one above another; these are corridors of communication 
with the different departments just referred to. The glass roof 
springs from above the upper arcade, so that the arcades of both 
floors are open to the covered court. The arcade on the ground- 
floor is entered from the centre of each side of the court. In each 
of the arcades are seven piers, forming eight openings; and carry- 
ing eight discharging arches, within which are two lesser arches, 
resting their outer sides on the piers, and at their junction with 
each other on a shaft with a capital and base. The arrangement 
on the upper story is similar, excepting only that the piers and 
shafts are of less height, though the piers are of the same 
number. On this accouut, in the same horizontal space between 
each pier four arches are supported by three shafts in the upper 
arcade, iustead of, as below, two arches supported at their union 
by one shaft. There are, on the ground-floor, thirty-three piers 
and thirty shafts—on the upper floor thirty-three piers and 
ninety-five shafts. Thus one hundred and twenty-five shafts 
surround the court ; and, if we include the capitals and bases of 
the piers, there are one hundred and ninety-one capitals and 
bases. The shafts have been carefully selected, under the direc- 
tion of the Professor of Geology, from quarries which furnish 
examples of many of the inost important works of the British 
islands. On the lower arcade are placed, on the west side, the 
granitic series; on the east, the metamorphic; on the north, the 
calcareous rocks, chiefly from Ireland; on the south, the marbles 
of England. In the upper floor, as far as may be, a similar dis- 
position has been made. Thecapitalsand bases represent various 
groups of plants and animals, illustrating different climates and 
various epochs. They are mainly arranged according to their 
natural orders. 

On massive corbels, projecting from the fronts of the piers, are 
placed statues. Aristotle and Bacou are in the portal. In the 
mathematical department is placed Leibnitz; in the astronomical, 
Newton, Galileo; in that of physics, Oersted; in the chemical, 
Davy; in that of zoology and botany, Linnzeus; in that of medi- 
cine, Hippocrates, Harvey; in that of applied mechanics, Watt. 
To these may be added, Descartes, Hipparchus, Kepler, Archi- 
medes, Roger Bacon, Robert Boyle, Frauklin, Young, Lavoisier, 
Stahl, Hutton, Werner, Ray, Jussieu, Humboldt, Hunter, Haller, 
Sydenham, and George Stephenson. 

The next step brings us to the disposition of the capitals And 
other carvings. Illustrative of natural facts and characteristics, 
these works of art have quite other points of value than those ordi- 
narily expected from decorative carvings. In a building of the 
eharacter of that, under consideration the imitative spirit was not 
undesirable, however mucli it is to be jealously watched in other 
and differently devoted edifices. It will be understood that these 
carvings are illustrative as well as decorative, and have therefore 
a function apart from that of architecture. 

Upon each shaft is disposed carvings of its appropriate botanical 
accompaniments. Thus, upon the grey granite of Aberdeen, 
Mr. James O’Shea carved a cap of Alisma plantago (No. 1, 
Plate 15), with corbels on each side of Sagittaria sagitifolia and 
Alisma ranunculoides. Upon the porphyritic grey gauni appear 
the palms. The 4/oe, shown in our engraving (No. 4), that so 
beautifully turns the chamfer of the pier-angle, comes over the 
red granite, in this instance got from the Isle of Mull. It was 
wrought by Mr. Edward Whelan. The Hart's-tongue fern (No. 6) 
was carved by Mr. James O'Shea: it surmounts Devon lime- 
stone. Iu this way, and upon this system, we have the second- 
named carver'a work in the Typhacee above mountain limestone. 
Calla Ethiopiea comes wth the green serpentine. The Graminee 
accompany mountain limestone, and have amongst their slender 
stems sparrows, buntings, and quaile Then comprise Bromus; 
wheat, oats, Indian-corn, sugar-cane, rice, and canary-grass. The 
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Zeminacea, Mr. John O'Shea has wrought very finely, compris- 
ing Cycas revoluta, Dioes edules, Zamia horrida, Encephelartes, 
These are above the elvan and trap rocks. By the same is Taxus 
baccata upon porphyry. Upon another example of serpentina 
comes Stone pine and Abieting. The Orchidec come upon gypsum, 

The manner in which the original design for the Oxford 
Museum has been carried out does honour to all concerned, 
Its energetic prosecution is due in no small degree to the Dean 
of Christ Church, and Dr. Acland. The architect was Mr. Wood. 
ward, whose recent death has left a vacancy in art not soon to 
be tilled up. Mr. Pollen has had a hand in some of the decora- 
tions. Mr. Bramwell, clerk of the works, and since the comple 
tion of the structure resident assistant architect, has had not a 
little influence upon the general success. The carvers we have 
namedare best named in conjunction with their works, Withthem, 
and with other decorators, the work, architectually speaking, 
now rests. One fortunate element of success has been vouch. 
safed to this building, one of more importance than is generally 
conceived; this is, that no part of it has been hurried. Haste, 
the bane of our modern restorations—which is doing so much 
towards the art-destruction of many a noble ancient cathedral! 
wherein the works are pushed on madly, partly because the 
wretched system of contracts compels the undertaker to do his 
task at all speed, in order to get anything like profit out of it; 
partly because subscribers desire to see a whole edifice, which 
took two hundred years to erect, scraped to the bone, and pro- 
duced to them “as good aa new,” in twelve months;—this miser- 
able folly, we say—this haste, is not inflicted upon this one of 
the best examples of modern Gothic work in the kingdom. 


——— — —Áünp————- 


INTERNATIONAL EXHIBITION 1862. 
Crass 5.—Railway Locomotion, 


Tut locomotive engines and other objects connected with looo- 
motion on railways are less numerous in the Exhibition of 1863 
than they were in 1851, but they are generally better finished, 
and they are displayed to much greater advantage than in the 
gloomy space allotted to them on the previous occasion. At that 
time the “battle of the guages” was waging, and the Great 
Western and the London and North Western Railway Companies 
competed with each other in exhibiting the most powerful loco- 
motive engines adapted to their respective lines. It waa then 
shown that, notwithstanding the greater width of guage, a 
amount of power was gained by the elongated boiler on the 
London and North Western line than by the heavier engine on 
the Great Western, the driving-wheela in the competing engines 
being each 8 feet in diameter; and there was one engine, 
made by the London and North Western Company, the driving- 
wheels of which were 8 ft. 6 in. None of the engines now exhi- 
bited exceed their predecessors in power, and there is no specimen 
of the broad guage locomotives. The engine built b Mr. 
Ramsbottom, the locomotive superintendent at Crewe (No. 1269}, 
is the first of its class, and a similar one to it has run the expres 
train from Liverpool for a distance of 130 miles without stopping, 
at an average speed of 54 miles per hour. This actual work done 
may be considered nearly equal to the estimated performance by 
the Great Western engine iu 1851 of “ taking a passenger train of 
120 tons at an average speed of 60 miles an hour upon easy 
gradients" In Mr. Ramshottons engine the driving-wheels are 
8 feet diameter; it is fitted with duplex safety-valves and lubri- 
cators, and is adapted for burning coal. To have accomplished a 
distance of 130 miles without stopping for water would have 
required a greatly enlarged tender unless it had been fitted with 
Mr. Ramsbottom's apparatus for taking up water whilst running, 
which is one of the most recent important improvements for 
facilitating rapid locomotion on railways. The tender of the 
locomotive exhibited has this apparatus attached, and at the back 
of it there is exhibited (1270) a working model, on a railway 
BO feet long, showing how the tank can be thas supplied. Between 
the rails a water-trough is laid, which in practice is about five 
inches deep, and the one laid on the Chester and Holyhead rail 
way near Conway is 441 yards long on a level. At each end the 
trough is tapered off in depth. A tube rises through the tender 
rather higher than the surface of the water when filled, and it s 
extended under the tank, and curved, having an open moath to 
serve as a scoop to take up the water as it is p lled rapidly 
through the trough. The principle of the action of this appazeitá 
as explained by Mr. Hemabottons, consists in taking advantage of 
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the height to which water rises in a tube when a given velocity 
ia imparted to it on entering the bottom of the tube. The 
theoretical height is that from which a heavy body must fall to 
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class of engines exhibited; one of them by Messrs. Manning, 
Wardle and Co., of Hunslet, near Leeds (1274); the other by the 
Lilleshall Company, of Shiffnall, Shropshire, of both of which 


TESDER PITTED with RAMSBOTfOM'U APPARATUS FOR TAKING UP Warten wast RUNNING, 


acquire the velocity of the water, hence since a velocity of 32 feet 
per second is acquired by falling 16 feet, the same velocity, or 22 
miles an hour, would raise the water 16 feet. In the working 
tender the water is lifted 7} feet from the level in the trough to 
the top of the delivery tube. The width of the scoop is eighteen 
inches, its depth in the water is two inches, and, in passing 
through the 441 yards of trough with a velocity of 33 miles an 
hour, the quantity of water delivered into the tender is 1200 
gallons. That is the marimum quantity, for at greater speeds 
the more rapid entrance of the water is counterbalanced by the 
reduction in the time of action, so that there is very little differ- 
ence in the quantities raised, whether the scoop passes through 
the water with a velocity of 22 miles or of 50 miles an hour. 
This self-acting plan of feeding the tender with water surpasses 
in ingenuity, though it is of less practical value, Mr. Dicker’s 
automatic apparatus for transferring mail bags when the trains 
are at full speed, which was the chief novelty in railway apparatus 
exhibited in 1851. The annexed engraving represents a tender 
fitted with Mr. Ramshottom’s scoop, that portion of the tank 
being shown in section. It will be observed that the tube is 
jointed, so that the scoop may be raised a few inches above the 

and when not in action, in which position it is retained by a 

ce weight. 


we give illustrations. The small tank engine of Messra. Manning 
aud Co. weighs, when in full trim, only 102 tons; it has four 
wheels, coupled together, 2 ft. 9 in. in diameter; and its cylinders, 
placed outside, are 9 inches diameter, with 14 inch stroke. The 
advantage of outside cylinders in a four-wheel engine is, that 
they allow the driving axle to be placed farther back than could 
be done with inside cranks, and thus reduce the overhanging 
weight. The object of having only four wheels placed near 
together is to enable the gu to turn more readily round 
curves; and it is so constructed that it can go round any curve 
that an ordinary railway-waggon will pass. Experience has 
proved that these engines are of great use in collieriea and in the 
construction of railways, and their light weight enables them 
to pass over temporary rails on which heavier epgines could not 
be safely used. 

The tank-engine of the Lilleshall Company is in ita main 
features similar to that of Messrs. Manning and Co.; and in the 
subjoined engraving it seems somewhat simpler in conatruction, 
owing to the omission of the break apparatus, and to the lower 
position of the springs. In the description which the Company 
give of their engine, it 18 stated that “the engine has outside 
cylinders, four wrought-iron wheels coupled, hardened, and steel 
link motion expressly arranged for keeping the boiler unusually 


Mansixa, WanpLE & Co.s Locomorivg MiwsRAL TANE ExaINR. 


Passing from first-class passenger engines, we come to that 
useful class of small locomotives intended for collieries, or 
for contractors’ work, and may be designated railway traction 
engines. The requisites in such engines are, power slowly 
exerted on small wheels, to obtain greater adhesiveness to the 
rails, and the capability of turning sharp curves and ascending 
steep gradients. There are two very good specimens of this 


low in the frame, steel piston-rod, alide bars, copper fire-box 
and steam pipes, brass tubes, patent brass fittings. It is also 
fitted with the Lilleshall Company's patent compensating buffers, 
which adapt themselves to take an equal strain round sharp 
curves. The whole is built extra strong to resist the wear and 
tear of heavy gradients, sharp curves, and the frequent inequali- 
tiea of colliery roads." 


228 


The contrivances exhibited for the prevention of accidents on 
railways, in the form of improved “ breaks,” buffers, or signals, 
are less numerous than they were in 1851. Notwithstanding the 
many plans there shown of stopping the motion of a train, the 
old method of blocking the wheels and of relying on the resist- 
ance caused by the friction of the tires with the rails for retarding 
the impulse, has continued to be adopted. The inspecting officers 
of tbe railway department have often reported on the accidents 
produced by the breaking of the wheels, and they have directed 
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attention to the importance of not weakening the tires by rivet- 
holes. This is the more essential so long as the present system 
of retarding trains by the friction of the tires against the rails is 
continued; and it becomes important that the tires should be 
made perfect, and be shrunk or otherwise fixed on without rivets. 
There are several exhibitors of wheels and tires of this kind, 
among others, Mesars. Dixon and Clayton, of Bradford (1270); 
Mr. Owen, of Rotherham (1285); and Messrs. Spencer and Sona, 
of Newcastle-on-Tyne (1301). 


Tus LiLLasHALL CowPANY's Locomotive ENGINE, POR COLLIBRIES, CONTRACTORS, Kc. 


IRON 


Tere is now in course of construction at Manchester a large 
wrought-iron lattice-girder railway and carriage-way bridge com- 
bined, which is to cross the river Jumna, near Delhi. The 
contractors, Messrs. Ormerod, Grierson & Co., of the St. George's 
Iron Works, Hulme, have just completed for it the first of a 
series of twelve spans. The bridge is for the East India Railway 
Company, and is from the designs of Mr. A. M. Rendel, C.E. 
It is constructed to answer the double purpose of a railway and 
an ordinary road; a single line of railway being along the top, 
and the roadway beneath it. Each girder is 216 feet long; the 
clear span is 205 feet between the piers, of which there will be 
eleven. The twelve spans will therefore form a structure having 
a total length of over half-a-mile. Confining attention to one 
span, as representing the main features of the whole bridge, it 
may be described as consisting of two lattice girders united to 
each other by means of strong transverse girders. Between 
the upper side of the lower roadway and the under side of the 
railway there is a clear height of 16 ft.,and the total depth of the 
bridge at its centre is 18 ft., and its breadth 18 ft. It hasa slight 
rise towards the middle, being constructed with a camber of 
5 inches. The top and bottom members of the girders resemble 
a sort of continuous trough, the upper pair being inverted. 
The bottoms of these troughs commence with one thickness 
of D plates, but increase towards the centre to three 
thicknesses, The sides of the trough are 1 ft. 9 in. deep 
and 2 ft. 3 in. apart, each side being composed of two halt- 
inch plates riveted together; and instead of being joined to the 
bottom plates in the usual way with angle-iron, they are flanched or 
bent to a curve of 4 inches radius, thus forming their own attach- 
ment. This method of construction has added materially to the 
appearance of the bridge without detracting from its strength. 

The breadth of the upper section of the girder is 3 ft. 5 in., 
while the lower increases from 3 ft. 5 in. at the ends to 4 feet at 
the centre. The transverse girders for supporting the metala of 
the railway are firmly fixed below the upper section of the main 
girders; they are 4 ft. 6 in. apart, and there are 46 in each span. 
Those for the roadway are 6 feet apart, and there are 35 in each 
span. The lattices are placed at an angle of 45 degrees, and the 
tension bars are riveted tothe outside of the topand bottom troughs. 
At the ends of the girders the bars are flat, 1 inch thick and 
5 inches broad, but they are substituted by channel iron of a 
lighter section as they approach the centre. The compression- 
bars are formed of two angle-irons riveted to the inner sides of 
the trough, and crosa-braced by light channel bars. The whole 
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is surmounted by a ligbt and elegant hand-rail, formed with 
wrought-iron standards of a curvilinear outline, connected 
together by iron tubes. 

In a structure of such mepitude it was of course requisite to 
provide for the variation from expansion and contraction, and 
this object appears to be effectually secured. The extremity of 
each girder is tirmly fixed to a casting, the under side of which 
is concave, and rests so as to move freely upon a corresponding 
casting, with a convex upper surface made to fit accurately the 
concavity above. "This casting has a flat plaued under surface 
resting upon five iron rollers, arranged in a strong wrought-iron 
frame, which has perfect freedom of motion over a bed-plate se- 
cured to the masonry. By this arrangement the span is at liberty 
to undergo deflection, and yet to press with equal weight upon all 
the rollers. The rollers are placed at one end only of each span. 

A peculiarity in this structure is that none of the rivet-holes 
are punched. Multiple drilling-machines, five in number, were 
constructed specially; the largest receives upon its table a plate 
13 feet long and 4 feet broad, and in the course of seven minntes 
drills four rows of holes, making together 160. The pressure 
upon the drills is maintained by two hydraulic rams acting upon 
the under side of the table. e are informed that the Mesers. 
Cochrane, of the Woodside Iron Works, Dudley, were the firet 
who applied this machinery to bridge building; and to them 
Messrs, Ormerod, Grierson & Co. acknowledge themselves in- 
debted for much valuable information relating to it. The holes 
made in this manner are more accurate than when punched, and 
the fibre of the iron remains uninjured. 

The first span has been completely riveted up in the works, and 


“loaded with 432 tons of pig-iron, or two tons to the lineal foot. 


The girder deflected with its own weight 1 inch, and 3 inches 
more under the load applied. 'The iron was supplied by the 
Shelton Bar Iron Company, near Stoke, and was required to 
bear & tensile strain of 21 tons to the inch of section. The 
breaking strain is estimated at from 2500 to 3000 tons equally 
distributed. The bridge, notwithstanding its great size and 
strength, has a light and airy appearance. The open lattice- 
work relieves it from the dull and heavy as ineeparable 
from tubular structures; and when a dozen such spans as that 
now completed stretch across the Jumua, we can scarcely tbink 
otherwise than that the Railway Company will regard the bridge 
sent from Manchester as highly creditable to the skill of their 
engineer as its designer, and to the firm who were entrusted 
with ita construction. 
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ITALIAN ARCHITECTURAL DRAWINGS IN THE 
ROYAL LIBRARY AT WINDSOR* 


By ARTHUR Asupitet, M.R.I.B.A. 


A short time before the fatal illness which deprived the archi- 
tectural and artistic world of one who had devoted the best part 
of his study aud energy to cultivate and foster their pursuits, that 
great personage had occasion to direct some very important altera- 
tions in the Hoyal Library at Windsor. During his researches 
there he discovered some old Italian architectural MSS. having 
the name of Muzio Oddi, of Urbino. He wasmuch interested by 
the bold, original, and in some degree quaint nature of some of 
the drawings, and the extent of the knowledge aud pursuits of the 
author. There were rough designa for large churches and palaces, 
mixed with sketches for details of the smallest matters; and 
with them were plans of battles and sieges, projects for fortifica- 
cations of vast extent, and with them minute details, comprehend- 
ing even the method of raising a drawbridge. The writing is in 
old Italian, and very difficult both to decipher and to translate. 
As other volumes now from time to time came to light, evidently 
by various architecta, and all inscribed iu the same language; and 
as many long days' reading in the libraries of Italy, while in 
search of materials for the restoration of the remains of old Rome, 
had made me, in some degree, familiar both with the character 
and phrases of the MSS. of the time I was requested to examine 
them. I was able to identify and explain the greater part of the 
subjects, "The research was of course suspended and delayed by 
the melanclioly death of His Royal Highness, but ultimately this 
was the result:—No less than thirty-two bound volumes, mostly 
of very large size, were discovered, besides six large portfolios of 
drawings, which probably were intended at one time to liave been 
bound. The earliest date I could discover written in them was 
1563, and the latest 1773, but many of thedrawings are probably 
older. Some of these volumes contain the arms of the Albani 
family, aud as they are surmounted by the cardinal's hat, it is 
probable they came from the library of some ecclesiastical digni- 
tary of that family. Some have the arms of the celebrated Consul 
Smith (as he is generally called), a gentleman who occupied a 
distinguished diplomatic situation in Italy for a long time, and 
who is favourably known among artists as a collector of very 
refined taste, and better known among the lovers of old books as 
the editor of the curious fac-simile of a very early and celebrated 
edition of Boccaccio. Some of them contain reports directed to 
Pope Clement XI, who was one of the Albani. Whether he 
bequeathed them to his family, or in what way they came to 
England, is matter of conjecture. The tradition is that Consul 
Smith had an unlimited commission from George III. to purchase 
for the royal praia Suffice it to say, they commence before the 
period of the completion of the chancel, as we should call it, but, 
more strictly speaking, the éribune of St. Peter's, and proceed, 
giving examples of some of the finest modern edifices in Rome, to 
the decadence of the art of architecture in Italy, a range of more 
than 200 years. 

Among the objects of which we have copious detail drawings 
are those of the completion of St. Peter's and building the sacristy; 
the alterations of the basilican churches of the Lateran, St. Sebas- 
tian, and St. Maria in Trastevere, which were required by a 
change of ceremonies at the period of the papal benedictions of 
the pope; a great number of new churches, among which San 
Ignazio, Spirito Santo, San Pietro in Montorio, works connected 
with Santa Maria dei Angeli, and many others; among the villas 
are the Giulia, Medici, Albani, Riarii, Madama, Panfili, and the 
banqueting-house of Cardinal Farnese; among the public build- 
ings, the Curia Nuova, the Propaganda, and many of the build- 
ings on the Quirinal; of the theatres, Alibert, Tordenone, that 
at Parma so well known; the noble flight of stairs or salita of 
the Trinita ai Monti, aud the fine fagade of the fountain of Trevi. 
Among the objects of antiquity are drawings of the columbaria 
about Rome, and of all the temples and basilicas in the state they 
were in at the time. Valuable as those »re which represent ob- 
jects still in existence, there are many which have a twofold value 
to the Roman antiquary, because they have since wholly or in 

disappeared. Among them are the temple of Minerva 
edici, that iu the Forum of Nerva, the Settizonium of Septimius 
Severus, the villas of Hadrian and of Pliny, and a great number 
of relies formerly in the Appian Way. There are also rich 
treasures in beautiful copies pp friezes, arabesques, stuccos, and 


* Read at the Royal Institute of British Architects. 
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mosaics, taken from the remains of antiquity, many of which have 
faded since exposed to the light, and some, perhaps, have perished. 
But the architects have not contined themselves simply to build- 
ing operations; they have condescended to design the minute 
adjuncta to decorations required. We find among those volumes, 
drawings for altare, tenta, tombe, funeral decoratious, chimney- 
pisces, fountains, and even lamps and thuribles. Nor have they 

n content with the artistic portion of their profession; we 
find among those volumes evidences of high scientific knowledge; 
we have drawings of harbours, with the method of repairing 
breaches of the sea and constructing break waters—on a less scale, 
it is true, but as ably planned as that at Plymouth, and a more 
wonderful work, if we consider they could not compel the services 
of that gigantic helot steam in those days. There are also designs 
for prisons and houses of correction, quite on the principle of our 
system of inspection, plans for complete drainage of towns, and a 
number of others, which show that architecture and engineering 
were at that time synonymous arts. Not only so, but military 
engineering exhibits itself largely in the:e volumes, There are 
plans of the sieges of Tortosn, Monferrat, Fuentes, Antibes; a 
number of military plans for various parte of the country; pro- 
jects for fortifying the city of Lucca, which were carried out and 
now exist; curious designs for towers of defence, niounting one 
large gnn, like our Martello towers; designa for large granaries; 
powder manufactories, with drawings of the machinery; designs 
for drawbridges; in short, specimens of almost all the useful 
nnd ornamental arts of the day may be found in those volumes, 
The names attached to the drawings, which in most cases, and 
perhaps in all, are autographs, are iudeed deserving of deep re- 
spect, second only to those of the great men of the age which 
immediately preceded them, as Da Vinci, Raffaelle, and Michael 
Angelo. We find the names or works of Julio Romano, Domini- 
chino, Bramante, San Gallo, Pirro Ligorio, Bartoli, Borromini, 
Oddi, the Fontanas, &c. And one precious volume is filled with 
original sketches chiefly from Venice, by the famous Caualetti. 

When we consider the versatility of talent displayed by the 
Italian architects, who did not disdain small things in art because 
they were capable of great things, nor the useful because they 
were masters of the ornamental, it is not to be wondered at they 
held the high rank in society they did. The pope, the emperor, 
the grand duke, all welcomed the architect as not only a lofty but 
a useful spirit in the state, and he trod in courts the equal of the 
leading minds ofthe day in other intellectual pursuits—the di- 
plomatist, the jurist, or the great inquirers into the physical or 
metaphysical worlds. Whether the system urged upon us by 
some, in the preseut day, of despising science and learning, and 
narrowing the mind to one branch alone, or rather to a sub- 
branch of a branch of architecture, tends to raise the profession 
in the eyes of the public, or whether it has not already tended to 
its depreciation in some degree, it is not our purpose now to 
inquire. 

y gracious permission of the Queen we have before us four 
volumes out of the collection at Windsor, on which I beg to ven- 
ture a few remarks, They are not specimens of the most finished . 
and most Dip coloured drawings there, but exhibit rather the 
architect in his studio, dashing otf with a common pen the rising 
ideas in his mind, and the greater part had probably never been 
meant to meet the public eye. The most of them, however, are 
evidently to scale, and the localities and the subjects, and the 
pores ike manner in which they are executed, will Iam aure 

worthy our attention. 

The first to which I shall direct your attention has a melan- 
choly interest attached to it, for it was the first discovered by 
the late Prince Consort. The name of its author is not one of 
those familiar to every ear, though in foreign biographies it holda 
a respected place. It may be convenient, however, to state a few 
facts as to his character before proceeding to the examination of 
the contents of the two volumes, which I will endeavour to do as 
briefly as ible. Muzio Oddi, whose name stands conspicuous 
on the title-page, was born at Urbino, in 1569. His father was 
an officer in the troops of Francisco di Medici. Atan early period 
he gave promise of spirit and talent, and was placed under the 
tuition of the celebrated Baroccio, from whom he learned drawing. 
This painter was also a native of Urbino, and one of the few that 
opposed the so-called eclectic school of the day, preferring rather 
that of Correggio, Raffaelle, and their predecessors. He svon dis- 
covered in the lad a talent for mathematics and the constructive 
arta, and advised him to give them his particular attention. His 
biographers say that Oddi made rapid progress in these studies, 
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when, like our late lamented fellow-member, the celebrated 
Cavaliere Canina, he entered the army and became chef d'artil- 
lerie. He seems to have distinguished himself so much, and to 
have won the approbation of thé grand duke to such a degree, as 
to be admitted member of his privy council; when suddenly a 
storm broke over his head. He was charged by the grand duke 
with having betrayed the secrets of the privy council, and that 
to his wife, the grand duchess, and he was immediately con- 
signed to the dungeons of Pesaro. The charge seems strange, 
and there are hints that, after all, Italian jealousy was at the 
bottom of the accusation. However this may be, it seems clear 
that the unhappy young man was subjected to a'strict and cruel 
confinement for nine long years. He was deprived of the use of 
pen, ink, and paper; but his biographers say he gut over these 
defects by making pens out of pieces of reed, and ink from char- 
coal and the soot of the chimney, and that he fabricated a sort of 
size from the relics of his food, with which he prepared the 
commonest sorts of paper so that they could take the ink. Speci- 
mens of these drawings are still preserved at Urbino, and shown 
as curiosities; and I have very little doubt that some of the 
rougher sketches now on the table before us were done in the 
same manner. In these pursuits, and in the study of mathe- 
matica the time passed away, and he was nt length liberated; 
but on condition of his leaving his native place for ever. He 
proceeded at once to Milan, where he was elected to the pro- 
fessorial chair of mathematics, and probably practised also as 
an architect; for we have in the volume before us some designs 
which appear to have been carried out in the cathedral there. 
From thence we read that he was invited to Lucca, to fortify that 
city; it was in the year 1626, when a struggle was going on for 
the vacant dukedom of Mantua, and Italy was ravaged alternately 
by the arms of France and Spain. The drawings of those fortifi- 
cations are before us; and we are told that they gave such satisfac- 
tion to the authorities that he was presented with a medal of 
honour. From the drawings of sieges and other military opera- 
tions, it is probable he was present at some of the battles which 
ended with the sack of Mantau. He seems, huwever, to have 
resided at Lucca; for his biographers etate he was invited from 
thence by Cardinal Trivulzio to return to Milan. This invitation 
he declined, preferring to proceed to Loretto, where he seems to 
have designed the sacristy for the famous church there, and to 
have executed works at Ancona, Shortly afterwards he appears 
to have had permission to return to his native town, Urbino, 
where he died at the age of seventy years. 

His writings are still extant; and they are purely mathe- 
matical. One is a description and the directiou for use of an 
instrument which he calls the polymetral compass, a delineation 
of which it is supposed is in one of the volumes before us. On 
the title to the book is neatly written, “ Original drawings from 
the hand of Muzio Oddi, of Urbino." It commences with a large 
number of sketches in a sort of ink and in red chalk. Some of 
these are very neatly finished, others are of the roughest descrip- 
tion—in fact, nothing but scratches, and as if done by a very 
imperfect light. They are on mere scraps of paper, and the 
probability is, a good portion of them were done iu the solitude 
of his dumgeon, aud with the imperfect materials I have described. 
Among them is a drawing of a curious instrument, composed of 
two limbs connected together with a graduated circular aro, 
which seems to be fixed, and carrying another one graduated in 
like manner, which seems to be movable. It is furnished with 
a plummet, and seems intended for taking angles or levels, and 
may be the polymetral compass nlluded to by his biographers. 
We have no clue to the period, but might infer it was made after 
his liber ation. A rough sketch (p. 21) is given of a tablet to the 
memory of his father. The inscription is—* D.O.M. To Captain 
Lactantius Oddi, who, when alive, was strenuous and upright 
under every fortune. Mutius and Matteo placed this as an act of 
piety to tbeir father" Many of the drawings which now follow are 
more neatly executed; and many have dimensions figured on them 
which would lead one to suppose they had actually been exe- 
cuted. They are not only for churches, campaniles, and other 
large constructions, but even for organ-cases, brackets, aud other 
ornaments; and one seems a design for a ficture-frame. A large 
number of them are for doorways, entrance-gates, and large win- 
dows, and, I think we must agree, display much ingenuity and 
boldness of handling. 

The second volume commences with plane which seem to have 
been parts of oonventual buildings. Among these is a very 
eurious sketch of the inside of a dome looking upwards, and 
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showing a construction of scaffolding cords, &c., probably intended 
as aypesss by a section at e 22, to enable the builders to 
fix the tambour at the top. At page 19 we have an elaborate 
plan of a large palace, fortified at each angle with a bastion, with 
embrasures for twelve guns each. It in some de resembles 
Caprarola in arrangement; but the latter is a polygon on plan, 
while this is square. This is followed by the plans of the enceinte 
of a large town, strongly fortified by the sections, or, to use the 
expression of the old engineer, “profiles” of the ramparts; un- 
fortunately there is no deacription by which it may be identified. 
We have three plans, &c. for conventual buildings, one of which 
is indorsed “A monastery for the nuns of Ancona,” and shows 
our author continued his avocations as an architect even while 
occupied in military pursuits. We then have the plan of a large 
amphitheatre, on' the back of which are some curious moral re- 
flections on beauty and love. One of these is headed by & 
reflection, expressed, no doubt, many thousand times before and 
since his time—‘ Amore tiranno.” Whether the remembrance of 
the grand duchess gave birth to this expression, we know not. 
We then have the design for a large window, which, from the in- 
scription, we may suppose to have been put up at Milan in the 
Duomo; under this it appears an altar was intended to stand, 
which, he says, was to be conformable to the altar of St. Joseph. 
The whole is of marble, and seems of very large size. It would 
be tedions minutely to describe every item before us. Suffice it 
to say, we have designs for a chapel, on the back of one of which 
is written, “Plans of the Chapel of the Pope in the Church of 
Minerva," probably Santa Maria sopra Minerva at Rome; and 
others for the sacristy at Loretto. 

We now get the designs for fortifying the town of Lucca. 
Some are marked the “Idea of George Settale of Milan”; while 
his own is modestly inscribed, “The idea of another without a 
name” (innominato.) With these are detail drawings of bastions, 
one with rounded, and the other with square orillons; there are 
also stairs apparently leading to casemates, or niagazines, or 
other places of safety. We then have a plan of the city and 
citadel of Casale, on which is sketched in red chalk the approaches 
of the enemy, and some rough outworks, which seem to infer 
that he was present and took part in the operations, The mix- 
ture of military and civil architecture which follows shows that 
Oddi still combined the pursuit of arts and arms. But it would 
weary you to describe them all. I would, however, call your at- 
tention to a very ingenious contrivance for raising and lowering a 
drawbridge, where the increased weight, due to the increased 
leverage as the bridge descends, is compensated by a very clever 
contrivance, much on the principle of the fusee of a watch. To 
judge of his abilities in a military point of view by the knowledge 
of the present day would be absurd. The increased powers of 
ordnance, particularly of the mortar and shell, have entirely 
altered siege operations from the time of Muzio Oddi. Heseems 
to have used both the flat bastion (such as those with which San 
Michele fortified Verona), and the bastiou with a larger capital 
and sharper angles, of Vauban and Coehorn; but he seems to 
have taken especial pains with his orillons. In hie time cities 
were often taken by storm assoon as any breach could be effected, 
and very often merely by escalade, by coup-de-main. In this case 
it was very important to be able to get guns to sweep the face of 
the curtain, and equally important those guns should not be expo- 
sed to across-fire. San Michele put one under another in the oril- 
lons; but of course, like all casemated guns, they were annoyed 
by their own smoke. Oddi placed his side by side. If, however, 
we judge of his abilities from the honours paid him, and the testi- 
mony of bis biographers, he must have been a great military 
architect. 

The next volume to which I shall beg to call your attention is 
one wholly devoted to the Church of St. John Lateran, at Rome. 
This noble building has a facade nearly 40 feet wider and 30 feet 
higher than our St. Paul's; and is nearly 80 feet wider between 
the clear of the wallsof the nave. The old Basilica was destroyed 
by fire about the year 1350; and was restored by a long succes- 


sion of popes, and completed, as to its interior, by Clement IL, 


about the close of the seventeenth century. The volume contains 
a number of plans and sections of the building, boldly and al- 
most roughly executed in pen and ink. These show the present 
state of the church. It formerly consisted of five aisles, 
simply by immense Corinthian columns, from the capitals of 
which arches sprung in the old Basilican style. As modern re- 
quirements demanded a great number of altars, large piers were 
constructed, with niches, &., fitted for that purpose. <A great 
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many of the old columns which had escaped the fire are said to 
have been built into these piers. It has, therefore, entirely lost 
its ancient Basilican character. The whole edifice is enriched 
with the finest marbles, mosaics, gildings: it is full of noble 
statues and fine monuments; and is, in fact, second in richness 
only to that of St. Peter. The book befere us is well worthy of 
inspection, not only to those who have seen the building, but to 
those who have not. The latter half of the volume is occupied 
by a most curious subject, It contains drawings for all the cere- 
monies of a council of the chnreh. This, of course, would not be 
an cecomenical or general council; the last of which, as is well 
known, was that of Treut, nearly three centuries and a half ago. 
It is, probably, a smaller couucil, or conclave. The principal 
feature in decoration is an immense tabernacle, called a catafalco, 
which stands over the high altar, and is very richly decorated. 
It seems to have been surrounded by bas-reliefs showing the pro- 
cession and the other ceremonies, the bishops and other digni- 
taries: some are walking, some sitting at a table, some Kuss 
atanaltar; while behind a sort of screen stand skeletons, whic! 
seem watching and mocking their pomp and state. There are 
plans of the arrangements of the seats, and even of the hangings 
to adorn the church, and drawings of the accessories down to the 
chalices and candlesticks. The benches and chairs are also drawn. 
One is said to be “for the Pope made:” it tells “of red brocade 
aud damask velvet, with two footatools to match.” Another 
more curiously is marked "Seat of straw with two cushions of 
silk.” All have figured dimensions. This volume is probably by 
Carlo Fontana, as the arms of Clement XI. appear in several 
places. This prelate came to the papaoy in 1700, both Borromini 
&nd Bernini then beiug dead. 

The last volume to which I venture to invite your attention 
(at least the greater part of it) is superior in artistio execution, 
and the subjecta are of greater interest than those I have already 
alluded to; although there are others at Windsor possessing 
still greater claims to your admiration. The volume commences 
with some extremely well executed sketches of Roman remains, 
very carefully outlined and shaded with bistre. They consist of 
the arches of Constantine, Septimius Severus, the Goldsmiths, of 
Lucius Verus; the Porta iore, the Arch of Titus; the re- 
mains in the Roman Forum of that of Nerva; the baths of Paulus 
Emilius, the Theatre of Marcellus; the temples of Fortuna Virilis, 
Antoninus, &c.; the Septizonium, the Pyramid of Caius Cestius, 
&, They are very faithfully rendered, and possess the unusual 
interest of giving some examples whioh are now destroyed or re- 
moved. Thus, the Temple of Pallas, in the Forum Transitorium, 
was taken down by Paul V., and the columns now form part of 
the magnificent fountain called the Aqua Paola. The Arch of 
Lucius Verus has disappeared. The Septizonium of Septimius 
Severus has also perished, and nothing is left of it but a heap of 
old bricks. At first, I thought the drawings were the originals 
of those given in Gamucci’s “Rome?” but, hough they resemble 
them somewhat in character, all differ more or less; while the 
larger part differ in toto. One curious circumstance arose during 
the research, and that led to the inference that they are older 
than this book, which was printed in 1565. The Arch of Septi- 
mius Severus, in the latter work, shows an excavation round the 
lower part, by which the pedestals are exposed to view as they 
are at present; while in the Windsor MS. they are drawn as 
still covered up with the earth. 

An examination of Rossi, Sadeler, Du Perac, Defrairius, Ga- 
mucci,—in fact, of all the authors on the subject to which access 
could be had in the very limited time I had to prepare this 
paper,—proved these drawiugs were no part of their works. I 
therefore took the volume up to the British Museum, the kind- 
ness, attention, and courtesy of whose officers, on repeated occa- 
sions, I am proud to acknowledge. Mr. Carpenter, Mr. Rye, and 
Mr. Bond gave a very long and patient investigation of the sub- 
ject. The former gentleman said immediately that he thought 
they strongly resembled the drawings of the Jacopo Tatti, whom 
we know better as the great Sansovino of Venice, Unfortunately 
the museum possesses but one drawing from this architect's 
handa. On comparing it with those before um, there certainly 
was a very great similarity. The colouring was hardly so warm 
as these, but that might have been quite an accidental circum- 
stanoe. The latter gentleman, who I ventured to name, and who, 
in judgment of the identity and period of handwriting, may be 
considered “facile princeps," also thought the inscriptions on both 
extremely like. With but one drawing from which to judge, 
however, it would be much too hasty to pronounce a decided 
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opinion. We all thought, however, we might go so far as to say 
there is great probability that these drawings are the work of 
Sansovino; and, if that be correct, of course they are of the 
greatest interest and value. : 

The remaining drawings in the volume are by different hands, 
some being very well executed, and some evidently copies of good 
drawings by inferior bands. In one or two of them, the blunders 
in the perspective are such as none but an inexperienced person 
could make. On one drawing there is the name of Vignola; but 
it is not likely itis his. On another is the more likely inscription, 
in Latin, *From the books of Julian Giamberti, called San 
Gallo;” and the drawing may thus be said either to be by that 
celebrated architect, or to have been collected by him. The sub- 
jects are all Roman antiquities. No. 17 is the so-called Portico 
of Octavia, in the Peschiera, which is drawn as nearly entire, 
and the restoration of which differs very little from that of 
Caning. It is now in a very dilapidated state. Several others 
may be recognized, as the Arch at Verona, and those of Titus 
and Constantine, the Baths of Paulus Emilius, &c.; but it is 
exceedingly tantalising to see several very curious buildings to 
which we have no clue, and which we suppose must have disap- 
peared. At the end of the volume are a number of plans which 
seem to suit some of the drawings; and if so, the inscriptions 
“One mile out of Rome,” “Two miles from Rome,” &., would 
lead us to think they are parts of the villas, tomba, or temples 
which some time lined all the roads from Rome, and now are 
mere heaps of ruin; and, having served as quarries for ages to 
every one who wanted building materials, are now mere heaps of 
rubbish. The beautiful statues, the sculptured friezes, the mar- 
ble columns, that adorned those buildings, have long ago been 
burned into lime to fertilise the land; such of the other macerials 
as could be moved have formed wretched farmhouses or inclosures 
to keep the sheep and goats from the nightly incursions of the 
wolf Nothing now remains but such masses of brickwork as are 
too hard, too rock-like, to be worth the labour to plunder, and 
which stand up among the vast plains of the Campagna as 
ghoatly relics of past grandeur. 

This paper was begun with saddened feelings, and seems to 
conclude in the same spirit, It is natural it should beso. It 
might be thought fitting to make further allusion to the great 
personage who has departed, I cannot but feel that such a course 
would necessarily revive painful feelings, and that it would be out 
of place for me to attempt to pronounce anything like panegyric. 
One thing may be permitted, however, which offers in some 
degree a more cheering retrospect, and that is, that one af the last 
things the Prince asked for from the library related to these 
MSS.; and one of his latest wishes was that an opportunity of 
exhibiting them should be afforded to a body he always held in 
regard,—the Royal Institute of British Architects. 


——— ——Áf———— 


THE ECONOMIC CONSTRUCTION OF GIRDERS.* 
(Continued from page 196. ) 


GIRDERS OF GREAT SPANS. 


THE most striking peculiarity of a girder of very great span is 
that a large portion of its strength is absorbed in supporting ita 
own weight: and were the span extended to a certain point 
(varying however according to the ecouomic merit of its par- 
ticular construction and the quality of the material made use of), 
the girder would just break down from its own weight, and 
when this point is reached, by no amount of additional material 
could this ultimate span be extended while the nature of the 
structure remained unimproved. 

Another peculiarity, the importance of which bas never, so far 
as we are aware, been sufficiently enforced on the attention of 
engineers, is the immense saving of inaterial aud expense that is 
secured in a great girder by adopting a mode of construction 
which on the small scale would show only a very moderate per- 
centage of economic merit over another. This is one of the 
points we shall endeavour, in our next paper, to place in a clear 


* Some errors in our last paper were unavoidably left uncorrected. The roore 
important are, page 193, col. 2, line 40, for el read e:1. Page 194, col. 1, line 26, for 


i read one incÀ; Line 36, tor- read ; line 88, the central formula ahonld have 


come first; col, 2, line 28, for net read ultimate. 
b4* 
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light before the reader, and the results will justify our high 
estimate of the importance of such investigations as those in 
some of our previous papers devoted to the discovery of the most 
economic designs and arrangements of girders. 

Tue Facrors or SAFETY. 

The first question that deniands our attention is the propor- 
tion which the absolute strength of the structure should bear to 
the greatest possible stress that may be brought upon it in actual 
work; or in other words, the proportion that should exist be- 
tween the ultimate and working stresses. Great diversity of 
opinion has been shown upon this point by engineers, but we 
need not encumber our pages with criticising the ill-judged 
extremes that have been by some adopted. With regard to the 
factor of safety for dead weight or still loading, we may almost 
assume it as a settled matter that in wrought-iron structures the 


absolute strength should be about, but not less than, three times 


that which would just withstand the stresses; or in other words, 
that the factor of safety should be about 3, not less, and not 
much more. 

It is as to the strength to be provided to withstand a moving 
load—such as a railway train—that such diversity of opinion 
exists. The reasons for augmenting the factor for the movable 
loading above that for the still bading are, —lst, the direct 
shocks or blows from the wheels on passing over irregularities 
in the roadway; 2nd, the suddenness with which the load is 
imposed; and 3rd, the reaction when the eugine rapidly mounts 
any sudden rise in the road near the centre of the bridge. Now 
it will be at once perceived that each of these prejudicial actions 
becomes rapidly less significant as the span increases, and for 
long spans way become in a primary form inappreciable, leaving 
only à vibration throughout the structure which will heighten 
to some degree the destructive power of the still as well as of the 
movable loading. The first of the above-mentioned prejudicial 
actions of a rapidly moving load—viz., that from direct blows of 
the wheels, may become somewhat serious in very short and light 
spans, since in such the load on the falling wheel may constitute 
an important percentage of the whole mass of loading and struc- 
ture taken together; but iu a long span with the load supported 
on a great many wheels, and the structure itself of great weight, 
the effect of only oue or two wheels dealing Weir blows at the 
same instant becomes, when considered with regard to tlie whole 
structure, almost inappreciable. The second prejudicial action is 
likewise deserving of attention in very short spans, since in these 
the engine may come so suddenly upon the centre of the bridge 
as to act in some degree the part of an instantaneously imposed 
load, acquiring a certain downward momentum from the flexure 
of the bridge; ns however the load is again removed with equal 
rapidity too much importance should not be given to this effect, 
and for the case of auy span of importance it may be said to 
vanish. The third or last detrimental action is also almost con- 
fiued to very short spans; in long spans it is only a very small 
fraction of the load that could have its effect thus increased at 
the same iustant.* 

We will now examine the modes of apportioning the ultimate 
strength or breaking weight of a structure as proposed by 
Professor Rankine and Dr. Fairbairn. The latter zentleman, iu 
a paper read before the British Association in 1861 (see vol. for 
1861 of this Journal, page 329), speaks as follows:—‘ For the 
present I would advise that in all beams and girders, tubular or 
plain, the permanent load, or weight of the girder and its plat- 
form, should uot in any case exceed one-fourth of the breakin 
weight; and that the remaining three-fourths should be reserv 
to resist the rolling load, in the proportion of 6 to 1.” Now 
the results by this rule are given in columns 3 and 4 of Table I., 
column 4 giving the general factor, or that estimated over the 
whole loading W, fixed and movable without distinction; and it 
will be perceived that we have ita values arranged in two series, 
the first a decreasing one, giving a minimum of security when 
the dead weight becomes double the movable loading; and at 
this point a new and increasing series begins, which we appre- 
hend could never have been contemplated by Mr. Fairbairn. 
In the Conway bridge as executed the dead weight is about 
three times the greatest movable, aud by this table we find the 


* We must call attention to the fact that the transverse girders to anpp rt the 
roadway are peculiarly linble to all the evils that may arise from the mobility of the 
loading. 1t comes with excessive suddenness upon them, and is nearly their whole 
loading; a blow from a pair of engine diiving-wheels is a blow from nearly their whule 
loading: at the same time their maes ia small, a high value should therefore be given 
to the factor of saf-ty for these girders. 
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general ‘factor according to Mr. Fairbairn's rule to be = 3 for 
such a case; but had the structure been lighter, say equal to 
twice the movable loading, Mr. Fairbairn’s rule would have 

ven a factor = 2°75, being less instead of greater than for the 

eavier structure—this of course he could not have intended. 

Profesaor Rankine gives the following factors:—for the fixed 
load, factor of safety = 3; for the movable load, factor of safety 
= 4 to 6. In the table we have given the resulta for the general 
factor arising from the adoption of values of the latter = 6 and 
45. It may be pointed out that these factors lead to the same 
results as though we increased the movable loading to 2 tons and 
l5 tons per foot run respectively, and treated it along with the 
dead weight. 

On comparing the genere factors obtained by these methods, 
particularly for the of the fixed loading being double the 
movable, it will be perceived how widely they differ. 


TABLE I, 
Actual working Stre; h ired by Profi 
rape per foot | Strength required P aukine’s method. 7 
of span for a | by Dr. Fairbalrn’s 
double girder, y *rdle. 
heir Norris | Factors = $ and 6. || Factors = 3 and‘. 
ono ton per foot | J General i) General 
Breaking | General |, Breaking |Factoror| Breaking Factor or 
3 =3 Weight |Factor or| Weight | Break- || Weight | Break- 
3 E) - 22, per toot, Preakiog per foot 1m per foot ws A 
d e ight » run. x 
did all icd Te a | 
ooo | 100 | 600} 600 | 600 | 6-00 | 450 | 450 
0:25 1:25 6:25 5:00 675 | 540 5:25 | 420 
0:50 1:50 6:75 433 7°50 | 5:00 6:00 | 4'00 
0:75 1:75 7:00 3°86 8:25 | 4°71 6:75 | 3:86 
1:00 2:00 7:50 8:50 9-00 | 4:50 7°50 | 875 
1:50 2:50 775 8:00 10°50 | 4°20 9:00 | 3:60 
2:00 8:00 8:00 2:67 12:00 | 4°00 10:50 | 3:50 
2:50 8:50 10:00 2:86 13:50 | 8:86 12:00 | 3:43 
3-00 4°00 12:00 3:00 15:00 | $75 13:50 | 3°38 
3°50 4°50 14:00 311 16:50 | 3:67 15:00 | 3°33 
4°00 5:00 16°00 3:20 18:00 | 3:60 16:50 | 3:80 
5:00 6:00 20:00 3°33 21:00 | 3:50 19:50 | 3:25 
600 T:00 24:00 8:43 24:00 | 3:48 22:50 | 321 
oo oo wo 4:00 o 3:00 o» 8:00 


We must object to the results given by Professor Rankine's 
method, for the reason that the general factor does not diminish 
at first with sufficient rapidity to represent the rapid diminutiou 
in the destructive effects of a train on changing from the shortest 
and lightest spans to somewhat longer and heavier ones; and for 
the very long and heavy spans the factor diminishes too 
markedly. This is the opinion we would be led to on viewing 
the subject independently of the stresses induced in the booms 
by the transverse lateral action of tlie wind, which it has hitherto 
been the custom to ignore; but when these stresses are allowed 
for, we apprehend that the general factor may with sutficient 
accuracy for a general rule be taken constant after reaching a 
certain value, such as 3:6. This assumes that after a certain 
point any reduction that might be made in the factor on account 
of the smaller proportion of the movable compared with the 
fixed loading in longer spans, will be counteracted by the 
demand for additional strength on account of the detrimental 
action of the wind upon the booms. We may assume the width 
of structure as constant, the stress on the booms from the wind 
will therefore increase somewhat more rapidly than the square 
of the span; in long spans, furthermore, that increase in the 
effect of a blast which arises from the suddenness of its applica- 
tion may become augmented, and there is also an inc 
chance of the wind impulses corresponding with the oscillations 
of the structure. The destructive effects of the wind in extreme 
spans may possibly therefore become so great as to demand a 
higher altowance than the above assumption affords.* Asa 
general rule however, we feel some confidence in recommending 
a uniform general factor of safety to be applied without distinc- 


* The relation of the values of W, (the fixed) and W, (the movable loading) bas of 
course some influence upon the stressca in the braces, particularly Br Pie the central 
ones, but for constructive reasons these bruces are at any rate m. with a great 
excess of strength, so tbat practically an increase in W, compared with W, woad 
only necessitate the strengthening of the central viaconal ties to fit them to act more 
forcibly as struts under an irregular louding; the amount of extra material req! 
would be so minute that we cannot regard it as affecting the above general rule. 
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tion to fixed and movable loading* for wrought-iron railway- 
bridges of great spans, according to column 4 in Table II. 
Tase II. 


Fixed loading per foot Ganznat Factors or SAFETY ACCORDING TO 

run (tbe movable load- 

ing being = 1 ton. Professor Rankine. 
wi Dr. Fairbairn. (Special factora Mr. Bow. 

= 8 and 43). 
0-00 6:90 4'50 6-00 
0-05 5:70 443 571 
0°10 5-55 4°36 5:45 
0°15 5°35 430 5°22 
0-20 5°17 4°25 5-00 
0-25 5:00 . 4°20 4°80 
0-30 4°85 4°15 4°61 
0°40 4°57 4:07 4:29 
0-50 4:33 4:00 4:00 
0-60 4°12 3°94 3°75 
0°70 3-94 3°88 3°53 
0:80 8:78 3°83 3°50 
0-90 3:64 3°79 8:50 
1:00 8-50 3°75 8°50 
1°25 3°22 3°67 8:50 
1:50 3-00 3°60 8:50 
1:75 2:82 3°55 3°50 
2:00 2:067 3:50 3:50 
2:25 2°77 3:46 3:50 
2:50 2:86 3°43 3°50 
3-00 8-00 3:38 8:50 
3°50 3°27 3:33 3°50 
4°00 3-33 3°30 3°50 
oo 4°00 3-00 3°50 


The general factors for moderate spans are estimated by as- 
suming 6 tons per foot run of span as the minimum value tu be 
put upon the breaking weight. The decreasing series of values 
resulting from this is made to terminate at 3°5 as the lowest 
allowable factor, this term is reached when the fixed loading 
amounts to 0714 tons per foot run, or 71°4 per cent. of the 
movable. 

For really great spans then we have the uniform general 
factor of safety = 33, and for such spans we now proceed to in- 
vestigate the weights of the girders. 


Tug WEIGHT or A GIRDER or Great SPAN. 


Let S =the span for calculation, being when correctly mea- 
sured the distance in feet between the centres of 
pressure on the supports. 

Let W,—the gross weight of the length S of the complete 
Structure due to one double girder; that is, the total 
dead weight borne by the girder or girders which 
have to carry a movable load — S tons in railway 
bridge, W,—W -W 

Let W,—the movable load = S tons. 

Let W =the whole load supported by a double girder=W,+W, 

Let G —weight of the girder suited to carry the load W, but 
G does not include parts not directly required to fit it 
for supporting the load. G=W,—F. 

Let F —all the fixed loading exclusive of the girder G; that 
is, F—the weight of cross-girders, planking, horizontal 
and transverse bracing, hand-railing, permanent way, 
&c. F=W,--G. 

Prop. I. [n any particular form and construction of girder of 
given span and depth and value of the factor of safety, we may, 
within practical limits, assume that G varies as W. 

Prop. II. When W is constant but S variable, and the factor 
and the relation of the depth of girder to the span are constant, 
we may assume within limits which secure the struts against 
material weakening, that G varies as S. "Therefore 

Prop. IIT. In any special form and construction of girder in 
which S — the depth D is constant, and in which the factor and 
the allowances of metal to the corresponding struts may be made 
the same, G varies as W. S. 

Let therefore G — WSk gas -. (1) 
: k=G=+WS .. .. (3) 

k being a constant depending upon the value of the factor of 


* In cases such as the Conway-bridge, where we have a large flat surface ex 
to the wind along with extreme narrowness of structure to resist it, additional strength 
must be provided. 
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safety directly, and inversely upon the economic merit of the 
structure; we may distinguish the value of k corresponding with 
any particular value of the factor by writing that value against 
it thus, k,,; on this principle k, will indicate that the value is 
taken for the case of a breaking weight. 

In formula (1) for W substitute its equivalent W,--G 4-F, and 
we have G = Sk (W,+G-+F), whence we obtain 

SKW;1F) 
G= l1—Sk v eo (3 

Before we can make direct use of this important formula we 
must describe the principles on which F is to be calculated or 
estimated for different structures; this however we must defer 
till our next paper. 

We at once see from the formula that G the weight of the 


girder becomes infinite when Sk=1, or S— ke and therefore 


points out the ultimate span for the particular construction cor- 
responding with k. Then since & varies directly with the factor 
of safety, we see that the ultimate span for a breaking weight 


1 z 3 
(= k, ) will be 3} times larger than that which can be reached 


1 
without overstepping the stresses we have been led to consider 
judicious (that is, the ultimate span under proper stresses 
E 
In our paper for next month we pur arriving at expres- 
sions for F, and thereafter deriving values of k from various 
structures, and will conclude with a table of the weights of 
girders of various spans, and constructed on different systems; 
showing the immense saving that may and ought to be effected 
in large structures by attention to the principles we have de- 
veloped. In the meantime we append an article of aome import- 
ance aud of general application, which we shall require to make 
use of on resuming the subject of the Economic Construction of 
Girders of Great Spans. 


Edinburgh, R. H. B. 


————— h— ——— 


ON THE VALUE TO BE TAKEN FOR THE DEPTH 
OF A GIRDER WHEN APPLYING THE COMMON 
FORMULA FOR ITS STRENGTH. 


Ix any girder in which the moments of the web may be 
neglected on account either of its thinness or openwork character, 
the stress produced by a uniformly distributed loading (=W) is 
in either of the booms equal to WS--8D, wherein D is the depth 
or distance apart of the booms treated as mere horizontal lines, 
and S the acting span. Now in applying this formula in practice 
it becomes necessary to assign a value to D Jess than the extreme 
depth of the structure, since the booms are not simple lines, but 
must have some vertical dimension; and it is only the extreme 
layer which acts with the full force of C or eT,* and with the 
full leverage of the extreme distance above or below the neutral 
axis, 

Let M, be the sum of the moments of all the fibres of the 
bottom boom measured round the neutral axis; and M,—the 
sum of the moments of the various parts of the top boom. Now 
we require to find a point in the cross section of each boom so 
situated that were ai] the section of the boom acting there with 
the full force of C or eT, the moment (that is the full sectional 
area of the boom multiplied by the distance of the point from the 
neutral axis and by C or eT) will be equal to M, or M,. Let A, + 
be the sectional area of the bottom boom, A, that of the top 
boom, D, the distance of this point in the lower boom below the 
neutral axis, and D; the distance of the point in the upper boom 
above that axis. 

Then A,D,eT=M,, and A,D,C=M,, 


= M M, 
D; A,eT and D,— AC eee ... (1) 
D=D,+D, 


The ordinary practice of assi 


: ing a value to D equal to the 
distance between the. centres o 


the sections of the booms is so 


* The aymbols hore employed are the same as in the ae 
ion e Gris ployed papers on “Tho Economic 
t The areas and momenta of the portions of the web of & plate lor could be 
readily introduced into the discussion, but such a mode of treatment den annul any 


advautage from ewploying the above aimple formula for the strength, 
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very far wrong, and liable to lead to such grave errors, that we 
feel it incambent upon us to enter into some detail, in order to 
show by examples the great difference between the correct results 
those obtained by the usual modes of carrying out the calca- 
ation. 

For this purpose we may restrict our attention to the parts 
and their moments on one aide of the neutral axis; let it be that 
of the upper boom. 

Ist. When the upper boom consists of one or more rectangular 
cells. Let A be the area of the upper plates, 
B of the lower, and X of the vertical plates. 
Let h be the distance of the centre of A’ plates, 
and i — the distance of centre of B plates, 
from the neutral axis n in the diagram. 

Then by formula (3), page 194 ante, we have 
the moments 


p e 
C-(AMEBA +X} (ii+ 7) 
and therefore to obtain D, we divide this by 
the area into C, fa, by C(A+B+4X), - 
8 oF 
AMBE EXHI) o 
A+B+X 


Example—Let the areas of A, B, aud X be taken all equal, 
aud the formula becomes 


L4 
D,= Atitir 
9 


by which we get, on assuming different ratios between h and 4, 
the results given in Table I. 


D,— 


Taste I. 
Proportion of à : & TADS: Percentages 
of Error. 
À i Correct. Usual, 
2 1 1:222 1:5 22:7 
8 2 2:148 2:5 16:4 
4 3 8:111 8:5 12:5 
5 4 4-089 4:6 10:5 
10 9 9-044 9:5 5:0 
It will be perceived from the table that when i is not greatly 


less than A, the value of D, should be very little greater than i. 
We have calculated by formula (2) the correct value of D for 
the Conway tubes, using the moments given in the foot-note at 
194 ante, and find it equal 22:067, the extreme depth out- 
side being 25' 5", and the inside depth 21' 74^; i, or depth between 
centres of plates B and C, =i, +i, = 21:688. 
Now this smallness of the value of D will account in a great 
measure for the extreme heaviness and weakness of the Conway 
(and Britannia) tubes, the proportion of span to depth being so 


great as o7 1835:1,0r if we follow the less exact but 


usual course of taking the clear span, we have Š = 1813. 


The correct value of D for the large experimental tube in 
Experiment IV. is =407; the depth between the ceutres of the 
extreme top and bottom plates is—453, and between the centres 
of the bottom and lower top-plates is —4'015. And the value of 
S. 75 7 
p! io =18'43, 

As many readers may feel surprised at the true value of the 
depth D coinciding so nearly with the value of i, we may perhaps 
make it clearer by considering the plates A and B of the diagram 
alone; and let us suppose these of equal areas and at distances 
from the neutral axis equal respectively to 10 and 9 feet. The 
true moments are— 


Plate A, area = A, leverage—10, compression=C, .'. moment =10AC 
Plate B, area=A, leverage —9. compression 2 f,C, .". moment = 811AC 


Sum of moments T - 181AC 
Dividing by the whole area =2A, multiplied by the full com- 
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E 181A 
pression C, we have D, — m ==9°05 feet, or only six-tenths 


of an inch above the centre of the plate B. 
To make this still mcre clear let us compare the above arrange- 
ment of girder having the plates at 9 and 10 feet from the neutral 
axis, with a girder in which both plates are only 9 feet from 
the axis. Plate A in the latter acts with the same force C as in 
the former, but its leverage is reduced from 10 to 9 feet, so that 
its moment is reduced from 10AC to Ns $us .. 9AC 
Plate B on the other hand acte in the latter with the 
same leverage of 9 feet as in the former, but the force of 
its action is increased from to C, and therefore its 
C to ive as RS 


Or the total moment... Vis = 18 AC 


being only yhy part less or weaker than the girder so much 
greater in extreme depth. 
. From these facts some valuable hints may be taken as to the 
judicious designing of the booma of girders. 

2nd. We shall conclude for the present with another general 
example. 

Let the top boom be supposed to be a solid rectangle as in 
some timber bridges and roofs. For this our formula D,=M,— 
area C becomes simply 


D=5 (eee T) Hu. Len. O 


Assigning to A and i different relative values, we get the results 
in Table II. 


9AC 


TABLE. II 
Ratio of k to i Values of D, 
À Correct. Usual. 
2 1 1:107 1:5 
8 2 2:111 2:5 
4 3 3:083 3:5 18:5 2:7 
5 4 4:007 4°5 10°7 1:64 
6 b 5-056 5'6 8:8 1:8 
7 6 6*048 6:5 75 0:8 
8 7 7:042 T:5 6:5 0°65 
9 8 8:037 8:5 5-7 0°50 
10 9 9-038 9°5 5:2 0:4 
Edinburgh. R.H.B 
e—a — ——-— 


ON THE FORMATION OF A NATIONAL MUSEUM 
OF ARCHITECTURE VIEWED IN CONNEXION 
WITH ITS BEARINGS UPON MEDL&VAL ART* 

By Grorer Giusert Scorr. RA. 


Unpgr the head of actual Architecture, I must mention one 
other class of objecta which would demand house-room within 
the museum. I refer to those melancholy but invaluable relics 
of ancient art which exist in our ruined abbeys, and to those in 
other buildings which are in danger of being destroyed by 
inevitable decay. 

It is the absolute duty of an art department, whether or hot 
they had contemplated an architectural museum, to rescue these 
exquisite aud invaluable works from oblivion by obtaining 
casts, photographs, and measured drawings from them while they 
yet exist. Every winter abrades their ancient carved surfaces, 
and brings down, perhaps, large portions of their sculptured 
foliage. Those who have been for many years in the habit of 
sketching from old buildings see at every visit the progress of 
destruction which is ever going on, and which is ever accelerating 
its destructive inroads. A few yeara more of delay, and these 
precious works of art will have perished. In the name then of 
art, of reason, and of patriotiem, let us delay no longer, hut at 
once obtain perfect representations of what we have left, by 
means of plaster, of photography, and of drawing; and enshrine 
them as the most precious relics, to be for ever preserved in thr 
archives of our national art! I will add here, however, ope won 
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of caution, —let a hardening process be always applied to the 
ancient carved work before attempting to make casta of it, or we 
may destroy the origiual while obtaining the copy. 

What I have said of architecture proper applies equally to the 
second head,—sculpture forming & of architecture. I 
will, therefore, view this as included in the foregoing remarks; 
only adding that a collection of the Mediæval sculpture of the 
thirteenth and fourteenth centuries of France, Germany, and 
Italy, would be an invaluable acquisition to a national museum 
—indeed, would be an absolutely necessary portion of it. 

Architectural Woodwork.—This, being much scarcer than stone- 
work, especially that of the best dates, must be collected with 

t care. Let me, however, be always understood to mean 
casts, rather than the actual work; though when this has, 
unhappily, been severed from its proper position, it will pro- 
mote its conservation to place it in such a museum. Of wood- 
work of the fifteenth century and later there is a large supply of 
casts iu the hands of the Government, which were eel to 
assist the carvera employed in the Houses of Parliament. This 
however is by no means the best period. We want woodwork 
of the thirteenth and fourteenth centuries, This is in Eng- 
laud somewhat scarce; and, wherever it exists, casts should 
be made from it. Among foreign countries, Germany, perhaps, 
contains the largest store of aucient woodwork. The stalls at 
Cologne, not only in the cathedral, but ip many of the churches; 
the wonderful doors of St. Mary's, of the Capitol, the stalls, &c., 
and at many churches throughout the length and breadth of the 
country, should find the representatives in such a museum. The 
elementary classes of woodwork, and the progressive illustration 
of their history, would assume a course quite parallel to what I 
have Vliádo wel out in speaking of stonework; and it is needless to 
recapitulate them. The objects however themselves, and the art 
expended upon them, differ considerably from the previous class; 
and the objects are comparatively so scarce that there is much 
more difficulty in obtaining them; and it is only by the help of 
those who are in the constant habit of searching out objects of 
atudy in the most out-of-the-way places that they can be found 
out. Every year, too, they are getting more and more scarce. 
Even the few early remains of woodwork in our old cathedrals 
are diminishing, from the carelessness and waut of knowledge of 
their guarlians. Let no time, then, be lost in searching out and 
obtaining perfect representations of those which remain, whether 
at home or abroad. 

We now come to the fourth class,—Archilectural Metalwork. 
If wood work of the best ages is so scarce, how much more 80 
is metalwork; and how indescribably important is it that we 
should use our utmost exertions to Sollen &nd to preserve repre- 
sentatious of it where it would be improper or impracticable to 
obtain the reality of what yet remains to us! 

Here the Department of Art, as regards the smaller and more 
movable classes or objects, is doing very great things for us: 
indeed, we cannot be too grateful for the splendid collection of 
specimens of this and kindred branches of art which is being 
formed within these walls; nor can we be too assiduous in availing 
ourselves of the facilities for study which are thus afforded us, 
These however can scarcely, for the most part, be classed 
under the head of Architectural Metalwork, though they bear 
very directly upon it. What I refer to is chiefly of a larger 
description, such as screen-work, hinges, brass fonts and lecterna, 
retabulæ, coronæ, doors, gates, &c., and the other forms of metal- 
work brought more immediately into contact with architecture. 
These, like other architectural objects, are chiefly to be repre- 
sented by caste and drawings; and these should be from time to 
time made from all the best specimens which remain iu this 
country, and all which we can gain access to abroad. We long 
ago coutemplated obtaining a cast from the truly magnificent 
brass font and ite cover at Ales oli, but our funds forbade it. 
There are a great number of such fonts nearly equally worthy of 
being represented in our museum, as well as innumerable other 
objects of all kinds and descriptions, Among others I will men- 
tion, though a late example, the exquisite brass genealogical tree 
which clothes the tomb of Mary of Burgundy, at Bruges; and 
this leads ine to call attention to the numerous brass effigies and 
entire monuments which exist, and many of which would be well 
worthy to be represented in such a collection. I will also call 
attention to the most magnificent of all classes of metalwork,— 
the gorgeous shrines of the twelfth and thirteenth centuries, 
There are some invaluable specimens of the same exquisite 


workmanship in the museum of the Department, and it is 
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possible that a few more may by chance be obtained. The 
greatest and moet glorious specimens, however, of this wondrous 
art must ever remain where they now are, and where for the most 
part they have always been; and can there be only rarely visited 
and studied. What I wish to preas upon the attention of the 
Department of Art is the necessity of obtaining perfect full-sized 
representations of these most sumptuous works, Among many 
which exist, I will call eapecial attention to those of the Three 
Kings at Cologne; of Notre Dame at Aix-la-Chapelle; and of St. 
Elizabeth at Marburg. These are absolute miracles of art; and 
l would earnestly press the necessity of perfect, full-sized, and 
perfectly detailed drawings being made from them ; accom- 
panied by some more tangible representations of some of their 
parte. 

But I must go on to my next head,—Coloured Architectural 
Decorations. Here again we have heartily to thank the Depart- 
ment for much which they have done, and to entreat them to go 
on as they have begun. They have already collected many 
drawings of such decorations, with some of the criginals. Mr. 
Octavius Hudson, of whose zeal, knowledge, and skill I cannot 
Bpeak too highly, has adopted the excellent practice of having casta 
made for the details of ancient buildings on which he is engaged, 
and making upon them fac-simile copies of the remains of colour- 
ing which he finds. This iffollowed out would supply invaluable 
illustrations of deoorative art; and I would urge the collection of 
full-size drawings of all other branches of decoration, wherever 
they can be procured. Such remnanta of old art are continually 
being destroyed: how easy would it be to perpetuate them by fac- 
simile drawings! Aud thus of all the other classes of art I have 
enumerated, Let us have coloured tracings of stained glass, not 
only of famous works, but of the fragmentary remains in village 
churches. Let us have (as in fact, we already have to a conside- 
rable extent) rubbings of brasses and incised stones; coloured 
rubbings of ornamental pavements; and perfect representations 
of all other branches of decorative art. I exhibit a fac-simile . 
copy of a part of the ancient retabulum in Westminster Abbey, as 
an illustration of the kind of drawing I am recommending. 
Time will not allow me to go further than to say that a museum 
thus constituted would be worthy of being called “ National; 
and would not only be the greatest benefit which could be con- 
ferred upon our art, but would be no more than the carrying 
out to its natural results of what the department have already 
commenced 

It may be feared by some that such a collection would 
encourage slavish copying. My own experience lias led to a 
contrary opinion. I have observed with pleasure that so far from 
this being the case, the increased study of ancient examples leads 
the art-workman to a more enlarged and more reasoning appre- 
ciation of his art; gives him greater freedom in the exercise of it; 
and, above all, leads him to a more zealous and intelligent study 
of nature. I will only add two more suggestions. 1st. That-as 
such a collection would not be made for a mere spectacle, but for 
actual use, it should not be deposited iu vast snd imposing halls 
and galleries, but should be so subdivided as to give the student 
every possible facility for quietly studying any one department 
which he might be pursuing, without the distraction which the 
enormous multiplicity of the objecte would otherwise occasion. 
In reading a book, we should be sadly annoyed if we were obliged 
to see a number of ite pages or its illustrations at once; and so it 
is with a museum; the student only wants to see the part to 
which his studies are directed. @ndly, I would suggest, as South 
Kensington is uct a place very accessible to the student or the 
art-workman, that a system be organised of lending out objecta to 
particular districts, in which rooms for the studies of art-work- 
men shall be opened; and that the specimens so lent shall be 
changed periodically (perhaps every month), and thus a constant 
and ever-changing course of study facilitated. 

I will now conclude by suggesting some points for consideration, 
as to how our great work can be carried on with the greatest 
possible advantage to the great cause we have in view. There 
are two parties to this undertaking,—the representatives of the 
demand, and of the supply; and it can only be succeesfully car- 
ried out by their hearty and continued co-operation. 

The representatives of the demand are the architects. It is 
not their personal interests in the least degree which are at stake; 
for buildings would be erected, and architects employed and paid, 
just the same, whether the arts subsidiary to A esbiteeture are 
cultivated or neglected; nor can the demand be said to come 
mainly from the art-workman himself, though it does more 
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nearly affect his personal interests. Those among them whose 
apprehensions of art have been aroused to activity join heartily 
and earnestly in the demand; but as in the case of religion, those 
who most need instruction are the least alive to their necessities; 
so, among architecta themselves, it is those who most keenly 
appreciate the nobleness of their art, and have best cultivated it 
as a fine art, who most strongly feel the necessity for aiding the 
art-workman, on whom depends the realisation of the more 
artistic portions of their designs. Not only, however, are the 
architects, and the best among them, the representatives of the 
demand, but they are algo the parties who best—I might almost 
say who alone—understand what is the nature of that demand; 
who know, from their daily experience, what are the objects 
necessary to meet it; and who, from their own travels, their own 
studies, and from the contact in which their practice places them 
with ancient buildings, know also whence and how those objecta 
are to be supplied. It is, therefore, self-evident that the aid of 
the architects most conversant with the subject is essential to the 
success of the effort; and when we add to this that those architects 
have nlready, by their own individual exertions and of their own 
free motion and sense of the necessity, most efficiently launched 
the work, and founded an architectural museum which must be 
the nucleus or the model of whatever is effected, the case is 
rendered still more obvious. 

The representatives of the supply are the Government Depart- 
ment of Árt. To them has been committed that great cause, the 
promotion of applied art in this country. 

The museum of objecta of art which they are forming must of 
necessity be of the greatest benefit to this object. It brings 
within the reach of the manufacturing art-workman the finest 
objects for his study, such as he could otherwise never have 
hoped to gain access to. What we ask of them, then, is to aid us 
and work with us in doing the same for the architectural art- 
workmau, who equally needs and equally deserves their aid 

If they will not do so, or if, in doing so, they refuse the aid and 
advice of those who alone understand what is needed, the world 
and posterity will know on whose shoulders the onus will lie. 
If, on the other hand, they appreciate and frankly acknowledge 
this, perhaps, the highest of their duties, they wil merit the 
eternal gratitude of every lover of art; and I am sure that I utter 
the feelings of my brother architects when I say that we are 
prepared to abdicate our self-imposed task in their favour, and to 
unite with them heart and soul, and without jealousy or rivalry, 
in carrying out this most noble and most needful work. 

The exact regulation under which this united action will be 
best effected I will not here attempt to define: “where there is a 
will there is a way;" and I content myself with asserting that on 
our part at least there is a hearty good will; and that I see no 
difficulty whatever as to the way. 


——— 9 ——— 


THE STATICS OF BRIDGES.* 
The Chain.— Disturbances. 


Suspension bridges are liahle to two classes of deflection or 
displacement under a change in the amount and disposition of 
the loading. The first, a slight symmetrical wave caused by the 
stretching or contraction of the chain. The second, a displace- 
ment of a more marked and visible kind, which alters ita form 
with every fresh arrangement of the load, and only disappears 
when the loading is uniformly distributed. 

A heavy load travelling over a suspension bridge will also pro- 
duce vibration, aud if the motion is rapid it will tend to create 
much greater disturbance than would be due to its presence as a 
simple question of statics. But as these papers do not deal with 
the dynamics of the subject, any inquiry will here be confined to 
the change of form due to the modified conditions of equilibrium, 
without going into the question of the agitation and inertia of 
the chains and load. 

We have already (ante page 50) shown a method of determining 
(by a diagram) the curve proper to a chain sustaining a load dis- 
tributed in any given manner, and the same means would serve 
for finding the position of the deflected chain under a new dispo- 
nition of loading. But for small displacements some approximate 
mode of calculation is to be desired, the point to be determined 
being not so much the form per se of the curve of equilibrium, 
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as the minute differences between the original and the distorted 
curve. 

This delicate and subtle investigation seems far from having 
Shared in the general attention which bas been given to the 
simpler studies of parabolic and catenary curves. e have geen 
no examination of the displacement of a free chain save a paper 
which appeared last July in this Journal (vol. xxiv. p. 207.),* in 
which the matter has been ably treated on the broadest basis 
under certain assumptions for the sake of generalisation, which 
are duly noted at the stages where they are made. 

Tt does not come within our present scope to attempt a general 
formula for the displacements of catenaries. But the extreme 
simplicity of the parabola, which has been seen to be practically 
the curve for suspension bridges, favours the hope that a law 
of small disturbances for these bridges may be determined with 
great exactness. We therefore limit ourselves to the parabola as 
the basis for investigating the disturbances of ordinary suspen- 
Bion bridges, narrowing our view of thesubject in order to special 
accuracy in that part of it that concerns our present purpose. 

While examining the statics of the question, the geometric 
consideration of the length of the curve of the chain before and after 
deflection must also be given heed to. Apart from any atretch- 
ing of the links (which must be reserved for separate enquiry), it 
is manifest that the actual curve of displacement must be exactly 
of a length with the original curve. If the points from which the 
chain hangs at the towers are to be taken as absolutely fixed, the 
constancy of the length of the chain will bring all small displace- 
ments under the following law:— 

dy 

a" dz = 0. 
The integral being taken from tower to tower, and s being 
zy —y, where y' is the ordinate of the curve after, and y before, 
displacement. This law (of which a demonstration will be found 
vol. xxiii, p. 355) is not peculiar to: the parabola, but applies 
universally. 

Under the guidance of this law it is now proposed to investi- 

ido small dupiscsment as exhibited (on a magnified scale) in 

ig. 39. : 

AOB is a chain npn! & load (inclusive of ite own weight) of 
which the horizontal distribution is assumed to be uniform, and 

Fic. 39. 


at the rate w per foot forward. The span =e and the rise = k, 
the points of suspension at A and B being on a level. The chain 
will hang in a parabola of which the vertex is at the half-span O, 
and OY the axis; and the following equations will give the 
general conditions:— 


^. (1) 


Parameter (p) — £ vas T ec 


4h 
Load (L) = we ... - "E sss eee (2) 
Horizontal tension Gs) T rr see (3) 
ai 
y = F tee er ies ws is oes (4) 


A displacement is caused by suspending a weight W from the 


point P in the right-hand section of the chain. = gL = wy, 
and the horizontal distance of P from the half-s O izr. 
Thus r is the fraction obtained by dividing the distance of tbe 


disturbing weight from the half-span by the entire span, and can 
never numerically exceed $. While q expresses the ratio of the 
disturbing weight to the distributed load, and will commonly be 
not very considerable. - The following equations show the altered 
conditions:— 


Parameter = p--p, des m wee (5) 
lud-lcWeeliie ou -. (8 
Horizontal tension T cc vete) EO 


In assuming AP and PB to be both arcs of one parabola after 
* “í Deflection of Suspension Bridges." By Homersham Cox, MLA. 
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deflection, we neglect as inconsiderable the slight change in the 
distribution of loading which would result from displacement. 

The parabola now has its vertex shifted to the right of O, (or 
towards the more heavily loaded tower,) and would if unbroken 
continue in the line PPB, The concentration of the load W at 
the point P has however the effect of abruptly changing the 
direction of the tangent at that point in the same manner as if 
the arc PP, were left out, and the upper portion P,B, trans- 
ferred to PB. The length of this imaginary arc PP, which if 
inserted at P would restore the continuity of the parabola, must 
be such as to answer to a load squat to W (or wgs); from which 
iv appears that the horizontal distance between P and P, (or 
between W and N) must be = ge. 

The position of the lowest point of the chain after displacement 
will of course be in the line MV, which marks the point of greatest 
moment, and can be readily determined. The horizontal dis- 
tances of P from the towers A and B reapectiraiy being (br. 
and (à— r)s the load at P (which is = wqe) will divided, in- 
versely as those distances, into the portions wg($ — r)e carried by 
A, and w9($-++r)e carried by B. The total load will therefore be 


thus divided:— 
v[3-rg(à—7)]e -.. (8) 


On A 

On B . w[j-o-47)]e ... (9) 
and the line MV must be situated at the point where the load 
thus divides. 


Call a, —abecissa of the vertex of the parabola after deflection, 
Then z,—4q(à—r)s ... wes (10) 
As long as the relation between the weight W and the position 
of P is such that qg(à—7) does not exceed r, the vertex will take 
& position between the half-span and P, and will coincide with M. 
When 9(4—7) becomes = r, both the vertex and M will coincide 
with P. And when 9/}—r) is ter than r, M will still remain 
at P, which will therefore be the lowest, point of the chain, but 
the vertex will be beyond the chain in the imaginary arc PP,. 
Let y,—the ordinate of the new vertex, and x, and y, be the 
co-ordinates of the point P, and 2, and y, the co-ordinates of P, 
after deflection. 


_,_ D-eü-£»)p e 
Then y, — ^ -! + os nI, T 
x, = (r-Fq)s, and z, = re, 


—_ -— f rj 
Y= t Beet Fan . t. and y,— ot a) = 


PP. P+p, “4 
= lto), 6 


MEE LEA PU iov 
The last expression gives the rise of the arc PP. 
Take y' as the ordinate at any point after deflection: * then 


between A and P 
yog T 


eee (11) 


ws (12) 


+» (13) 
and between P and B Em 
y-y ETE yy)... Q4) 


P+P, 
From equations 4, 13, and 14, we find the expressions for z 


(which is = y'— y), and thence by differentiation H is found: 


d: 2 
Y will be = 27. From these data / Y dz = = [ade between 
dr p dx P, 


A and P and between P and B can be determined. 

This integral between the extreme limits A and B will be 
equal to the sum of the partial integrala, and is found after 
reduction to be 

P 


= pp-Fpj [—2p,3-p« (3—1272)] 


and, according to the principle already laid down as governing 
smal] displacements, the preceding expression must be = 0. 
From this it follows that 


p= 3 Pan) T ee» (15) 


Or the parameter of the parabola is increased in the ratio of 1 to © 


1Hy(1— 4r). 


* We assume the abscissa to remain the same; the error involved in this assumption 
being trifling when the disturbance is small. 
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The horizontal tension after deflection, from (7) and (15), is 


T+T = T. 5 @(1—4e9) ess (18) 


Having the parameter we can now determine the actual dis- 
placement. To begin with the half-span. The vertical displace- 
ment at O, from (13) and (11), 

ay 4 OY 
=n Pb 4 : 
_,—ltg0—-2F-ga-2r # 
UE PtHP: 4 
For h substitute its value by equation (1)—viz. z, and for p, 
substitute its value from (15), and reduce. 

Then Vertical displacement at the half-span O 

q(1 —2r) (1 — 6r) . £ __ 1—2r)(1—6r) 
$33(1-4r) ' 
If the disturbing weight is applied at the half-span (r being = 0), 


A... (17) 


a depression will be produced 
q 
=— ——.h o. y ... (18 
i33, (18) 
and an increase of horizontal tension will result, (see (16),) 
= 3qT ... (19) 


So long as r is less than 3, or the disturbing weight less than 
one third of the distance from the half s to the tower, the 
eapresen (17) remains negative, showing depression at O. 

en r=} there is no depression at O. When r exceeds 3, the 
chain will rise at O. 

These results cease to correspond closely with experiment when 
the disturbing weight is very considerable, and the proportion 
of rise to span great, the actual disturbance falling abe of the 
theoretical approximation. 

The position in which the given weight W=wgs will cause 
most rise of the chain at O is that in which 2 


re M+) Iro 
4q 129 
As q is diminished r approaches the inferior limit 4, showin, 
that a small weight will occasion most rise at O when placed 
rather more than twice as far from that point as from the tower. 
The horizontal displacement at the half-span O is found by 


taking the integral of oY de between the limits z=—}eand z—0; 
bearing in mind that when the result is negative it indicates 


a horizontal spreading of the chain. The integral is reducible 
to the form 


$8 
— ml 
Spp) o 
For 2p(p+p,), substitute (from 15) pX2--3g(1— 477) and for 
3 
5 substitute, from (1), on , and reduce. Then, 
16M gra) iggy 


Horizontal displacement at O=— | Spa 

The negative sign must be taken as indicating motion from the 
left tower A towards the tower B carrying the greater load. The 
value of r which makes this motion at O greatest is, for any given 


` value of q, found from the equation 


39 + 2 — 
r=. M—————— 
69 
as q is diminished r approaches the inferior limit 3, showing that 
a small weight will cause most horizontal motion at O when it is 
placed nearly midway between that point and the tower. 
The vertical displacement at P, the point where W is suspended, 
(1-127?) (1—472) 
=h m ... (21 
gt rac err (21) 
And the horizontal displacement at P 
1643 |  r(1—16r) 
e 3-39 (1—4r) 


(To be continued.) 


6q + 4 


... (22) 
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IMPROVEMENTS IN PARIS. 


Ix the course of last year a project was announced of puttin 
the quartiers of Picpus and Bercy in direct communication wit! 
the rig. Saint Antoine by a group of new thoroughfares 
traversing the lands of the ancient abbey; these improvements 
have just been commenced, and already several houses at the 
angle of the rues de Reuily and du Faubourg, have becn 
demolished to make a passage for the new rue de l'Empereur, 
one of the projected new streets. This new street is to be 
divided into two portions; one commencing at the demolitions 
above mentioned and to be prolonged as far as the boulevard 
Magas; another leading from the boulevard Mazas to the carre- 
four de Rambouillet. 

The first, only just oommenced, will be bordered by the out- 
buildings of the hospice and the Reuilly barracks, ing through 
the waste grounds temporarily occupied by dir ' stalls and 
the itinerant carts of strolling performers; but the second portion 
is already in part traced out, and possesses some very fine habi- 
tations. Near the end of this large thoroughfare another street 
commences in the direction of the faubourg St. Antoine, and 
opens ont in front of the rue Sainte Marguerite; this is also 
partly covered with buildings. 

The carrefour de Rambouillet, where the two new streets are 
to meet, is also the point of intersection of the rues de Charenton, 
de Rambouillet, and the Petite rue de Reuilly; a circular open 
space, part of which is furnished with new houses, will be the 
centre of union of some of the most important streets of the fau- 
bourg St. Antoine. 

The lands of the abbey of St. Antoine, to be intersected by all 
the streets of this new quarter, occupy the space included between 
the Grande rue du Faubourg, the V ulevard Mazas, the Reuilly 
barraoks, and the habitations of the rue Lenoir. This spot, more 
considerable than other of the Paris bourgs, includes a principal 
street, "E and courte, cafés, &c., besides fields with rustic habi- 
tations. e greater portion of the principal street will be ab- 
sorbed by the prolongation of the rue Be Bernard; already several 
constructions, properly aligned, have been run up, and the inha- 
bitants are impatiently waiting for a direct ontlet into the fau- 
bourg. Oneofthe Maisons de urs of the 12th arrondissement 
has been built on the continuation of this street. Close to the 
abbey of St. Antoine on the south side, below the Vincennes 
railway, several other new buildings are apringing up, and are 
to form portions of the new boulevard de Picpus, which is to 
unite the new boulevard de Vincennes with the place de la 
Bastille. 

The handsome porch of the Saint Etienne-do-Mont church, the 
restoration of which was commenced last year, is nearly clear 
from the scaffolding, and will be completed in a few months. 
Owing to the decay of the ornamental poren which was nearly 
effaced it has been renewed thoroughly trom one end to the other, 
with the addition also of indispensable accessories, which had 
never been put up since the commencement of the church. The 
statnes of St. Hilaire and St. Benóit have been placed on cornices 
above the front of the second story, the Virgin and the angel 
Gabriel in the lateral niches of the roegce, and the vases with 
flames serve to deaden the effect of the projections, St. Benóit 
and St. Hilaire recal to mind each of the two parishes united 
under the name of St. Etienne-du-Mont. This portal, the work 
of the early portion of the 17th century, is one of the most 
remarkable of that epoch. Its general vertical section is that of 
a pyramid in stories, whose base consists of the first order of 
architecture. "The principal doorway of the ohurch, approached 
by a flight of stepa, is surmounted by a triangular pediment, sup- 
ported on four columns built into the work, with niches in the 
intervals for the statues of St. Etienne and St. Geneviéve; above 
this first story is another of the second order of arehitecture, four 
columns, as in the last described, with semicircular niches in the 
spaces, and a star-shaped rosace in the centre, of the Renaissance 
style; above this a curved broken pediment: this second order is 
surmonnted by a pointed gable, the tympanum being relieved by 
a pierced circular bay with twisted ribs; this bay is inclosed by 
pilasters of handsome out stone. The organ is undergoing ex- 
tensive alterations, and another temporary one has been put in 
use, 
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THE PROPERTIES OF IRON, AND ITS RESISTANCE 
TO PROJECTILES AT HIGH VELOCITIES.* 


By WinuiAM Farmsams, F.R8. 


We have no correct record as to the exact time when wronght- 
iron plates were tirst employed for the purpose of building vessels, 
It is, however, certain that iron barges were in use on canals at the 
close of the last century. In 1824, Mr. Manley, of Staffordshire, 
built an iron steamboat for the navigatiun of the river Seine, and 
this was the first iron vessel that attempted a sea voyage. She 
was navigated from this country to Havre, by the late Admiral 
Bir Charles Napier, and although constructed for shallow rivers, 
she nevertheless crossed the channel in perfect safety. From 
that time to 1830 no attempt was made to build iron vessels, and 
nothing was done towards ascertaining the properties of iron aaa 
material for ship-building. 

A series of experimenta, institnted by the Forth and Clyde 
Canal Company in 1829-30, to ascertain the law of traction of 
light boats at lik velovities on canals, led to the application of 
iron for the construction of vessels; and the lightness of these new 
vessela, combined with their incrensed strength, snggested the 
extended application of the material in the construction of vessels 
of much larger dimensions, and ultimately to those of the larger 
class, both in the war and mercantile navy. Considerable dith- 
culty, however, existed with regard to the navy; and although 
the principle of iron construction as applied to merchant vessels 
and packets was fully established, it was nevertheless considered 
inapplicable, until of late years, for ships of war. It is true, that 
until the new system of easing the sides of vessels, first introduced 
by the Emperor of the French, in 1854, was established, the iron 
ship was even more dangerous under fire than one built entirely 
of wood. Now, however, that thick iron plates are found 
sufficiently strong, under ordinary circumstances, to resist tbe 
action of guns not exceeding 120-pounders, for a considerable 
length of time, the state of the navy and the minds of our naval 
officers have entirely changed. We must, therefore, now look to 
new conditions, new materials, and an entirely new construction, 
if we are to retain our superiority as mistress of the seas. There 
yet remain amongst us those who contend for the wooden walls, 

ut they are no longer applicable to the wants of the state; and I 
am clearly of opinion that we cannot afford to trifle with so 
important a branch of the public service as to fall behind any 
nation, however powerful and efficient they may be in naval œn- 
struction. Having satisfied ourselves that this desideratum must 
be attained, at whatever cost, I shall now endeavour to point out 
auch facts as in my opinion relate to the changes that are now 
before us, and simply endeavour to show— 

lst. Thé description of iron best calculated to secure strength 
and durability in the construction of ships of war. 

2nd. The distribution and best forms of construction to attain 
this object; and, 

Lastly. The pd of iron best calculated to resist the 
penetration of shot at high velocities. 

Properties of [ron.—1f we are deairous to attain perfection iu 
mechanical, architectural, or ship-bailding construction, it is 
essential that the engineer or architect should make himself 
thoroughly acquainted with the properties of the materials which 
he employs. It is unimportant whether the construction be a 
house, a ship, or a bridge. We must possess correct ideas of the 
strength, proportion, and combination of the parts, before we can 
arrive at satisfactory results; and to effect these objects the naval 
architect should be conversant with the following facta relating 
to the resisting powers of malleable and rolled iron to a tensile 


strain. The resistance in tons per square inch of— 
Yorkshire iron is is zs 24-50 tom 
Derbyshire nV ite San sex ec 2025 4 
Shropshire gg eevee us 2250, 
Staffordshire ,, .. we 20:00 ,, 


Strength of Rivetted Joints.—The architect, having fortified 
himself with the above facts, will be better able to carry out à 
judicions distribution of the frames, ribs, and plates of an iron 
ship, so as to meet the various strains to which it may be sub- 
jected, and ultimately to arrive at a distribution where the whole 
in combination presents uniformity of resistance to repeated 
strains, and the various changes it has to encounter in actual 
service. 


* Abstract of à payer recently read before the Royal Lastitate. 
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There is, however, another circumstance, of deep importance to 
the naval architect, which should on no account be lost sight of, 


and that is, the comparative values of the rivetted joints of plates 
to the plates themselves. These, aceording to experiment, give 
the following resulta:— 


Taking the cohesive strength of the plate at — ... .. 100 
The strength of the double-rivetted joint was found to be 70 
And the single-rivetted joint "n ses aac .. 656 


These proportions apply with great force to vessels requirin, 
close rivetting, such as ships and boilers that must be waleneighe 
and in calcalation it is necessary to make allowances in that ratio. 

Strength of Nhips.—Of late years it has been found convenient 
to increase the length of steamers and sailing vessels to as much 
as eight or nine times their breadth of beam, and this for two 
reasons; first, to obtain an increase of speed by giving fine sharp 
lines to the bow and stern; and second, to secure an increase of 
capacity for the same midship section, by which the carrying 
powers of the ship are greatly augmented. Now, there is no 
serious objection to this increase of length, which may or may not 
have reached the maximum. But, ortunately, it has hitherto 
been accomplished at a great sacrifice to the strength of the ship. 
Vessels floating on water and subjected to the swell of a rolling 
sea—to say nothing of their being stranded or beaten upon the 
rocks or sandbanks of a lee shore—are governed by the same laws 
of transverse strain as simple hollow beams, like the tubes of the 
Conway and Britannia tubular bridges Assuming this to be 
true—and indeed it scarcely requires demonstration—it follows 
that we cannot lengthen a ship with impunity without adding to 
her depth, or to the sectional area of the plates in the middle 
along the line of the upner deck. 

If we take a vessel of the ordinary coustruction, or what some 

ears ago was considered the best—300 feet long, 41 ft. 6 in. 

ies, and 26 ft. 6 in. deep—we shall be able to show how inade- 
quately she is designed to resist the strains to which she would 
be subjected. To arrive at these facts we shall approximate 
nearly to the truth by treating it as a simple beam; and this is 
actually the case, to some extent, when a vessel is supported at 
each end by two waves, or when rising on the crest of another, 
supported at the centre with a stem and stern partially sus- 
pended. Now in these positions the ship undergoes, alternately, 
& strain of compression and of tension along the whole section of 
the deck, corresponding with equal strains of tension and com- 
pression along the section of the keel, the strains being reversed 
according as the vessel is supported at the ends or the centre. 
These are, in fact, the alternate strains to which every long vessel 
is exposed, particularly in seas where the distance between the 
crests of the waves does not exceed the length of the ship. 

It is true that a vessel may continue for a number of voya; 
to resist the continuous strains to which she is subjected whilst 
resting on the water; but supposing in strees of weather, or from 
some other cause, she is driven on rocks, with her bow and stern 
suspended, the probability ‘s that she would break in two, separa- 
ting from the insafficiency of the deck on the one hand, and the 
weakness of the hull on the other. This is the great source of 
weakness in wrought-iron vessels of this construction, as well as 
of wooden ones, when placed in similar trying circumstances.* 

Changes in progress.—Haviug directed attention to the strength 
of shipe, and the necessity for their improved construction, we 
may now advert to the changes by which we are surrounded, and 
to the revolution now pending over the destinies of the navy, and 
the deadly weapons now forging for its destruction. It is not for 
us alone, but for all other maritime nations, that these Cyclopean 
monsters are now issuing from the furnaces of Vulcan; and it 
behoves all those ex to such merciless enemies to be upon 
their guard, and to have their Warriors, Merrimacs, and Monitors, 
ever ready, clothed in mail from stem to stern, to encounter guch 
formidable foes. It has been seen, and every experiment exem- 
pli&es the same fact, that the iron shi with ita ooat of armour 
is a totally different construction to that of the wooden walls 
which for centuries have been the pride and glory of the country. 
Three-deckers, like the Victory and the Ville de Paris of the last 
century, would not exist an hour against the sea-monsters now 
coming into use. 

The days of our wooden walls are therefore gone; and instead 
of the gallant bearing of a 100-gun ship, with every inch of ean- 
vas set, dashing the spray from her bows and careering merrily 


* Bee Vol. [. of the Transactions of the Ins‘itation of Naval Architecte, on the Strength 
of Iron Bhips. 
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over the ocean, we shall find in ita place a blfck demon, some five 
or six hundred feet long, stealing along, with a black funnel and 
flag-staff, on her mission of destruction, and scarcely seen above 
water excepting to show a row of teeth on each side, as formid- 
able as the iron carcass that is floating below. This muy, with 
our present impressions, be considered a perspective of the future 
navy of England—probably not encouraging—but one on which 
the security of the country may arie ci, M to depend, and 
to the construction of which the whole power and skill of the 
nation should be directed. I have noticed these changes, which 
are fast approaching, from the conviction that the progress of the 
applied sclences is not only revolutionising our habits in the 
development of naval construction, as in every other branch of 
industry, but the art of war is undergoing the sarne changes as 
those which have done so much for the industrial resonrces 
of the country in times of peace. It is therefore necessary to 
prepare for the changes now in progress, and endeavour to effect 
them on principles calculated, not ouly to ensure security, but to 
place this country at the head of constructive art. It is to attain 
these objects that a long and laborious class of experiments have 
been undertaken by the Government, to determine how the future 
navy of England shall be built, how it should be armed, and 
under what conditions it can best maintain the supremacy of the 
seas. This question does not exclusively confine itself to armour- 
plated vessels, but also to the construction of ships, which in 
every case should be strong and powerful enough to contend 
against either winds aud waves or to battle with the enemy. It 
is for these reasous that I have ventured to direct attention to 
the strength of vessels, and to show that some of our mercantile 
ships are exceedingly weak, arising probably from causes of a 
mistaken economy on the one hand, or a deficiency of knowledge 
or neglect of first principles on the other. 

Now, it is evident that our future ships of war of the first class 
must be long and shallow; moreover, they must contain elements 
of strength and powers of resistance that do not enter into the 
construction of vessels that are shorter and nearly douhle the 
depth. If we take a first-rate ship of the present construction, 
such as the Duke of Wellington, and compare it with one of the 
new or forthcoming construction, carrying the same weight of 
ordnance, we shoal require a vessel nearly twice the length aud 
little more than half her depth. Let us for example suppose tlie 
Duke of Wellington to be 360 feet long and 60 feet deep, and the 
new construction 500 feet long and 46 feet deep; we should then 
have for the resistance of the Duke of Wellington to a transverse 


strain tending to break her back, W-— 75. ‘Taking 60 us the 


l 
countant, and the area of the bottom and upper deck as 1060 


rooe= 12,223 tons as the 
weight that would break her in the middle. Let us now take 
the new ship, and give her the same area top and bottom, and 
1060 + 46 x 60 
500 
half the strength. From this it is obvious—if we are correct in 
our ealeulations—that the utmost care and attention is requi- 
site in design and construction to insure stability and pertect 
security in the build of shipe. 

Mechanical Properties of Iron.—It is unnecessary to give more 
examples in regard to strength, and the proportions that should 
be observed in the construction of our future navy. I have 
simply directed attention to it as a subject of great importance, 
and one that I am satisfied will receive careful consideration 
on the part of the Admiralty and the Comptroller of the Navy. 

The next question for consideration is the properties of iron 
best pisa to resist the penetration of shot at high velocities, 
and in this 1 am fortunate in having before me the experiments 
of the Committee on Iron Plates, which may be enumerated as 


square inches, we have W = 


again we have W— = 58651 tons, which is less than 


under:— 
Tensile Strength Compreesion Statical Resistance 
pee in Tons Unit of Length to Punching in Tons; 
Favity. per square inch. in Tons. l-inch Plate. 
7:7621 24:802 14:203 40*1804 


Remarks.—The specimens subjected to compression gradually 
squeezed down to one-half their original height, iucreasing at the 
same time in diameter till they attained 90 tons on the square 
inch. 

In these experiments, four descriptions of iron were selected, 
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marked A, B, C, D; the two first and last were taken from rolled 
and hammered iron plates, excepting C, which was homogeneous, 
and gave higher results to tension and dead pressure than the 
others. In density and tenacity they stood as iollows:— 


Mark on Plates. Density. Tenacity in Tons. 
A Plates 7:8083 24:644 
B Plates .. .. .. 7:7035 23:354 
C Plates, homogeneous 1:9042 27:032 
D Plates... .. . 7:6322 24171 


Here it will be obaerved, that the strengths are in the ratio of 
the densities, excepting only the B plates, which deviate from 
that law. 

On the resistance to compression, it will be seen that in none of 
the experiments was the specimen actually crushed; but they 
evidently gave way at a pressure of 13 tons per square inch, and 
were considerably cracked and reduced in height by increased 
pressure. 

F'rom the experiments on punching, we derive the resistance of 
B, C, D plates to a flat-ended inatrument forced through the plate 
by dead pressure as follows:— 


Shearing Strain Ratio, 
Mark on Plates. in Tons per taking A as 

square inch. Unity. 

A Plates rss 19-511 1:000 
B Plates ee 17:719 0:907 
C Plates Pes 27:704 1168 
D Platea |... .. .. E 17:035 0:873 

Here it may be noticed that the difference between the steel 


plates of series C, and the iron plates of series A, is not conside- 
rable, though in all others the steel plates exhibit a superiority 
in statical resistance. 

Having ascertained. by direct experiment, the mechanical 
resistance of ditferent kinds of iron and steel plates to forces tend- 
ing to rupture, it is interesting to observe the close relation 
which exists between not only the chemical analysis as obtained 
by Dr. Percy, but how nearly they approximate to the force of 
impact, as exhibited in the experiments with ordnance at 
Shoeburyness. 

Dr. Percy, in his analysis, observes that of all the plates tested 
at Shoeburyness, none have been found to resist better than those 
lettered A, B, C, D, with the exception of C. The iron of plate 
E contained less phosphorus than either of the three A, B, D; 
and it is clearly established that phosphorus is an impurity 
which tends in a remarkable degree to render the metal ** cold 
short,” i.e, brittle when cold. 

, The following table shows the chemical composition of these 
irous:— 


Mark. Carbon. Sulphur. Phosphorus. Silicon. Manganese. 
A... ‘01636 “104 106 "122 :28 
B. *0327 121 173 160 029 
C. *023 :190 020 *014 -100 
D *0436 118 £228 174 :250 
E :170 -0577 ...  :0894 110 330 


Comparing the chemical analysis with the mechanical proper- 
ties of the irons experimented upon, we find that the presence of 
0°23 per cent. of carbon causes brittleness in the iron; and this 
was found to be the case in the homogeneous iron plates marked C; 
and although it was found equal to A plates in its resistance to 
tension and compression, it was very inferior to the others in 
resisting concussion or the force of impact. It therefore follows 
that toughness combined with tenacity is the description of iron 
plate best adapted to resist shot at high velocities. It is also 
found that wrought-iron which exhibits a fibrous fracture when 
broken by bending, presents a widely different aspect when 


suddenly snapped asunder by vibration, or by a sharp blow from . 


a shot. In the former case the fibre is elongated by bending, 
and becomes developed in the shape of threads as fine as silk, 
whilst in the latter the fibres are broken short, and exhibit a 
decidedly crystalline fracture. But, in fact, every description of 
iron is crystalline in tbe first instance; and these crystals, by 
every succeeding process of hammering, rolling, &c., become elon- 
gated, and resolve themselves into fibres. There is, therefore, a 
wide difference in the appearance of the fracture of iron when 
broken by tearing and bending. and when broken by impact, 
where time is not an element in the force producing rupture. 

If we examine with ordinary care the state of our iron manu- 
facture as it existed half a-century ago, we shall find that our 
knowledge of its properties was of a very crude and most imperfect 
character. We have yet much to learn, but the necessities arising 
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from our position as a nation and the changes by which we are 
surrounded, will stimulate our exertions to the acquisition of 
knowledge and the application of science to a more extended 
investigation of a material destined, in course of time, to become 
the bulwark of the nation. It is, therefore, of primary importance, 
that we should make ourselves thoroughly acquainted not only 
with the mechanical and chemical properties of iron, but that we 
should moreover be able to apply it in such forms and conditions 
as are best calculated to meet the requirements of the age in 
which we live. 

Entertaining these views, I cheerfully commenced with my 
talented colleagues the laborious investigations in which we are 
now engaged; and looking at the results of the recent experiment 
with the 300-pounder gun on the one hand, and the resistin, 
targets on the other, dae is every prospect of an arduous an 
long-continued contest. 

Non the Manchester experimenta to which I have alluded, 
we find that with plates of different thicknesses the resistance 
varies directly as the thickness, that is, if the thickness be as the 
numbers 1, 2, 3, &c., the resistance will be as 1, 2, 3, &c.; but 
those obtained by impact at Shoeburyness show that, up toa 
Certain thickness of plate, the resistance to projectiles increases 
nearly as the square of the thickness. "hat is, if the thickness 
be as the numbers 1, 2, 3, 4, &c., the resistance will be as the 
numbers 1, 4, 9, 16, &c., respectively. The measure therefore of 
the absolute destructive power of shot is its vis viva, not its mo- 
mentum, as has been sometimes supposed, but the work ac- 
cumulated in it varies directly as the weight of the shot multiplied 
into the square of the velocity. 

There is therefore a great difference between statical preasure 
and dynamical effect; and in order to ascertain the difference 
between flat-ended and round-ended shot, a series of experimenta 
were undertaken with an instrument or punch exactly similar in 
size and diameter, and precisely corresponding with the steel shot 
of the piece '85 diameter employed in the experiments at Shoe- 
buryness. The results on the A, B, C, and D plates are as follows. 


CMM of Flakes: Punch fat-ended, |Punch round-ended. 


A Plates 57,956 61,886 

: B Plates 57,060 48, 788 
Half-inch thick t Plates 71,035 85,524 
D Plates 46,080 43,337 

Three-quarter B Plates ............ 84,587 98,420 
inch thick — | D Plates 82,981 98,571 
Mean 22e 67,017 72,754 


These figures show that the statical resistance to punching is 
about the same whether the punch be flat-ended or round-ended, 
the mean being in the ratio of 1000 : 1085, or 83 per cent. greater 
in the round-ended punch. It is, however, widely different wheu 
we consider the depth of indentation of the flat-ended punch, and 
compare it with that produced by the round-ended one, which is 
3} times greater. Hence we derive this remarkable deduction, 
that whilst the statical resistance of plates to panom is nearly 
the same, whatever may be the form of the punch, yet the 
dynamic resistance or work done in punching is twice as great 
with a rouud-ended punch as with a flat-ended one. This of 
course only approximately expresses the true law; but it exhibits 
a remarkable coincidence with the results obtained by ordnance 
at Shoeburyness, and explains the difference which has been 
observed in these experiments, more particularly in those instances 
where round shot was discharged from smooth-bored guns at high 
velocities. To show more clearly the dynamic effect or work done 
by the weight of shot which struck some of the targeta at ditferent 
velocities, the following resulta have been obtained:— 


Weight 


of Shot Work done on Target. 
Targat. striking 
Target. Total. 
Tbe, Foot Ibs. 

Thorneycroft 8-inch Shield ......... 1253 — 
Thorneycroft 10-inch Embrasure ..| 1511 — 
Roberte's Target .... 946 822,000 
Fairbairn's Target . 1024 | 324,000 
Warrior Target ............. 8229 | 312,000 
The Committee’s Target ............ 6410 — 124,098,780 
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From the above, it will be observed, that the two last targets 
have sustained in work done what would if concentrated be 
sufficient to sink the largest vessel in the British navy. 

We are all acquainted with the appearances and physical cha- 
racter of artillery, but few are conversant with the nature of the 
operations and the effects produced by shot on the sides of a ship 
or on resisting forts and targets. 

The shot of a gun—to use the expression of my colleague, Mr. 
Pole—is simply the means of transferring mechanical power from 
one place to another. The gunpowder in the gun developes by 
its combustion a certain quantity of mechanical force, or work as 
it is now called, and the object of the shot is to convey this work 
to a distance, and apply it to an ohject supposed to be otherwise 
inaccessible. The effect of this, according to Mr. Pole’s formula, 
is W=its velocity in feet per second; V —weight of the shot in 
iba. Then, by the principle of vie viva, the quantity of work 
stored up by the moving mass, measured in lbs. 1 foot high, is 

2 
= kak , g being the force of gravity—32}. 

Thus, if we have a shot, like that recently used against the 
Warrior target, 156 lb., moving at the rate of 1700 feet per 
second, the work done will be 

. 156-4+(1700)}? 

m 64} 
Showing at once the immense power that this small body is able 
to deliver on every resisting medium tending to arrest its course 
and bring its particles to a state of rest; or in other words, it is 
equivalent to raising upwards of 8000 tons a foot high in the air. 


The application of Iron for Purposes of Defence. — Having 
examined, in a very condensed and cursory manner, the present 
state of our knowledge in regard to iron, and its application to 
the purposes of shipbuilding, let us now consider in what form 
and under what circumstances it can best be applied for the 
security of our vessels and forts. To the latter the answer is, 
make the battery shields thick enough; but a very different 
solution is required for the navy, where the weight and thickness 
of the plates is limited to the carrying powers of the ship. It 
has been obeerved with some truth that we have learnt a [essa 
from the recent naval action on the American waters; but it 
must be borne in mind that neither of the vessels engaged nor 
the ordnance employed were at all comparable to what have been 
used at Shoeburyness. 

To those who, like myself, have gone through the whole series 
of experiments, the late engagement will appear instructive, but 
not calculated to cause any great alarm, nor yet effect any other 
changes than those primarily contemplated by the Government, 
and such as have been deduced from our own experimenta It 
ia, nevertheless, quite evident that our future navy muet be en- 
tirely of iron; and judging from the last experiment with the 
Armstrong smooth-bore gun, it would almost appear as a pro- 
blem yet to be solved, whether our ships uf war are not ns safe 
without iron armour as with it. If our new construction of 
ships are strong enough to carry armaments of 300-pounder 
guns, which is assumed to be the case, our plating of 6 or 7 inches 
thick would be penetrated, and probably become more destructive 
to thoee on board than if left to make a free passage through the 
Ship. In this case we should be exactly in the same position as 
we were in former days with the wooden walls; but with this 
difference, that if built of iron the ship would not take fire, and 
might be made shell-proof. It is however very different with 
forts, where weight is not a consideration, and tliose I am per- 
suaded may be made sufficiently strong to resist the heaviest 
ordnance that can be brought to bear against them. In this 
Statement I do not mean to say that ships of war should not be 
protected; but we have yet to learn in what form this protection 
can be effected to resist the last powerful ordnance, and others of 
still poater force which are looming in the distance, and are sure 


to follow. 

A HM outery has been raised about the inutility of forts; 
and the Government, in compliance with the general wish, has 
suspended those at S ithead —I think improperly so, as the 
recent experiments at Shoeburyness clearly demonstrate that no 
vessel, however well prolected by armour-plates, could resist the 
effecta of such powerful artillery; and instead of the contest 
between the Merrimac and the "Monitor, and that of the 300. 
ponder gun, being inst, they are to every appearance in 

vour of forta. Should this be correct, we have now to consider 


=7,008,238 one foot high. 
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how we are to meet and how resist the smashing force of such 
powerful orduance as was levelled against the Warrior target. 

During the whole of tbe experiments at Shoeburyness I have 
most intently watched the effects of shot on iron plates. Every 
description of form and quality of iron has been tried, and the 
results are still far from satisfactory; and this is the more 
apparent since the introduction of the large 300-pounder, just at 
a time when our previous experiments were fairly on the balance 
with the 40, 68, 100, and 126 pounders, They now appear 
sorties; and nothing is left but to begin our labours again 

novo. 

It has been a question of great importance, after having deter- 
mined the law of resistance and the requisite quality of the iron 
to be used as armour-plates, how these platen should be supported 
and attached to the sides of the ship. Great difference of opinion 
continues to exist on this subject,—some are for entirely dis- 
pensing with wood; probably the greater number contend for a 
wood backing, the same as the Warrior and the Black Prince. 
I confess myself in the minority on this question; and, judging 
from the experiments, 1 am inclined to believe from past experi- 
ence that wood combined with iron is inferior to iron and iron in 
its power of resistance to shot; and I am fully persuaded that 
ultimately the iron armour-plates must be firmly attached to the 
side, technically called the hs of the ship. It must, moreover, 
form part of the ship itself, and be so arranged and jointed as to 
give security and stability to the atructure. 

The experiments instituted by the Committee on Iron Plates 
have been well considered and carefully conducted; they com- 
menced with a series of plates selected from different makers, of 
varying thicknesses, and these have been tested both as regards 
quality and their powers of resistance to shot. They have, more- 
over, been placed at different angles and in a variety of positions; 
and we had just arrived at the desired point of security when the 
thundering 300-pounder smooth-bore upset our calculations, and 
levelled the whole fabric with the ground. We are however not 

et defeated; and true to the national character we shall, like the 
nights of old, resist to the last— 
srg gue mene 
And thus it will be with the Iron Committee and the Armstrong 
and the Whitworth guns. 

In conclusion, allow me to direct attention to a drawing of the 
Warrior target with wood backing, and its compeer entirely of 
iron. The first underwent a severe battering previous to the 
attack from the 300-pounder, but the other sustained still greater 
with less injury to the plates, notwithstanding the failure of the 
bolts in the firat experiment. It must however be admitted that 
pan on wood backing have certain advantages in softening the 

low, but this is done at the expense of the plate, which is much 
more deflected and driven into the wood, which from its com- 
pressibility presents a feeble support to the force of impact. 
Again, with wood intervening between the ship and the iron 
lates, it is impossible to unite them’ with long bolts so as to 
impart additional strength to it; on the contrary, they hang as a 
dead weight on her sides, with a constant tendency to tear her to 
pieces. Now, with iron on iron we arrive at very different and 
superior results. In the latter, the armour-plates if properly 
applied will constitute the strength and safety of the structure; 
and, notwithstanding the increased vibration arising from the 
force of impact of heavy shot, we are more secure in the invul- 
nerability of the plates, and the superior resistance which has 
present to the attack of the enemy's guns. In these remarks 
must not however attempt to defend iron constructions where 
they are not defensible, and 1 am bound to etate that in construc- 
tions exclusively of iron there is a source of danger which it is 
only fair to notice, and that is, that the result of two or more 
heavy shot or a well concentrated fire might not only penetrate 
the plates, but break the ribs of the ship. This occurred in the 
last experiment on my own target, where a salvo of six guus 
concentrated four on one spot, not more than 14 inches diameter, 
went through the plates and carried away a part of the frame 
behind. The same effect might have taken place on the Warrior 
target; and certainly 9 inches of wood is of little value when 
assailed by a powerful battery of heavy ordnance and a well 
concentrated fire.* 
* Since the above was written, another experiment has been made on the Warrior 
with tbe 300-pounder smooth-bore gun. From this it appears that the wood 


ng between the armour-plates and the akin of the abip cannot safely be dispensed 
with And that some compresaible or softer substance than and iron is necessary to 
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In closing these remarks, I have every confidence that the 
skill and energy of this country will keep us in advance of all 
competitors, and that a few more years will exhibit to the world 
the iron navy of England, as of old with its wooden walls, uncon- 
querable on every sea. - 

+ 
— ge 


THE GENERAL ARRANGEMENT OF THE FRENCH 
CONTRIBUTIONS TO THE INTERNATIONAL 
EXHIBITION 1802. 


THE subjoined particulars, which are condensed and translated 
from the official account, published under the superintendence of 
the Imperial Commission, cannot well fail to be of interest when 
the comprehensive nature of the collection sent from France, and 
the admirable completeness of the arrangement for organising 
and displaying it, are borne in mind. 

French Industry, it is stated by the Imperial Commission, is 
by no means completely represented in the Exhibition of 1862. 
Lack of room has frequently compelled the Commission to decline 
the offers of distinguished manufacturers, or to grant but an 
inadequate ape to their productions. The number of appli- 
cations for admission, and Bien all the extent of space applied 
for, has surpassed all the preparations that could have been 
thought of at the time when the labours of the Commission began. 
The commercial treaty was referred to as likely to introduce great 
hesitation among the manufacturers, and a systematic refusal to 
exhibit had even been advised by some. Contrary to these fears, 
and notwithstanding this advice, the French manufacturers have 
responded in a body to the appeal of the Commission. 

Figures will convey the best idea of this zeal. The Imperial 
Commission fixed its general regulations on the 15th June, and 
by the 15th September had to deal with 8154 applicants in the 
departments of agriculture and industry, presented by the ad- 
mitting juries of France, and for whom a horizontal area of 
41,900 square metres was demanded. This utilisable space 
corresponds toa total area of 120,000 square metres; while the 
entire Palace of London, including picture galleries and refresh- 
ment courts, only contains an area of 108,000 metres. 

The horizontal area granted to France in three succeasive 
allotments by Her Mayesty’s Commissioners was 13,740 metres. 
With such large requisitions for space, and so limited an amount 
disposable, the Imperial Commission, with the assistance of the 
juries, was obliged rigorously to sift alike the exhibitors and pro- 
ducts admitted. The number of exhibitors ultimately admitted 
and supplied with space amounts for all classes of the French 
department to 4780 (reduced really to 4669 in consequence of the 
fact that 111 exhibit under distinct numbers in various classes). 
In addition to this number productions from Algsria and the 
French Colonies are exhibited by 826 exhibitors. 

To accomplish so much as this, and to do justice to 4669 appli- 
cations out of 8164, with one ninth of the space demanded by the 
applicants available, the Commission was obliged to take such 
measures as seemed most suitable for employing the space allotted 
to France. First, therefore, the passages and gangways were 
reduced to a minimum, and then the formation of groups of 
exhibitors was encouraged in every possible way. The number 
of such groups voluntarily constituted, exceeded those of any 
previous exhibition, and the Commission, believing it to be for 
the interest of the exhibitors themselves that snch groups should 
be generalised as much as possible, has always requested all the 
exhibitors included in one block to unite in the construction (at 
their joint expense) of the fittings necessary for the exhibition of 
their gouds, Loss of space and other inconveniences have been 
thus diminished, and it has become practicable to out with 
absolute certainty a pre-arranged plan, and consequently to know 
with absolute precision the amounts of horizontal and vertical 
space available, while a harmony in the general arrangement, 
form, and height of the fittings, was secured, such as could not 


we in fittings prepared without any regard to their collective 
etfect. 


T—ÁMM—————M—M————————————————————— 
deaden the blow, and absorb the fragments of the shot and the broken plates, which 
in this instance lodged in the wood, and did not perforate, but only cracked the akin 
of the target. From this fact it cannot be denied that this exp riment is more aatis- 
factory than those on the iron on iron targets; and however desirable it may be to 
realise a more effective construction as regards the strength of the ship, it cannot be 
doubted, in ao far as the security of the ship and the lives of those on board are con- 
cerned, that a vessel with wood backing is safer in action than one composed entirely 
of iron, In the present state of onr knowledge the experiments are therefore 

iron and iron, as regards security from the effecta of shot, but they are unfavourable as 
respecta the at; of the ship. : 
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The entire utilised area divided among 36 classes is 5498 square 
metres, while the area occupied by gangways amounts to 8249, 

The general principles of arrangement were, that in the ground- 
floor galleries surrounding the central court are placed substances 
used for food, the raw material of various mannfactures, and 
manufactured articles produced from inorganic materials. In the 
ground-floor gallery, under the picture gallery, the machinery not 
in motion, and specially agricultural machinery, is placed. The 
remainder of the machines at rest and all the machinery in 
motion are in the French section of the western annexe. In the 
firat-floor galleries are grouped manufactured goods made from 
organic materials, scientific objecta, and objects connected with 
instruction; and lastly, in the French court itself, the passages 
leading to the nave, and the French portion of the nave, are 
collected those productions which have some affinity with works 
of art,—those which result from the industry called into being 
by fashion and art. 

In the French official catalogue full details are given, some of 
them of à nature never before attempted to be introduced into a 
catalogue. Attention ought especially to be directed to the indi- 
cation attached to each exhibitors name of the nature of the 
establishment in which.the goods were produced. These are 
distinguished as, Factory (usine), meaning an establishment where 
steam or water power is employed, and a large number of hands 
are engaged; Workshop (atelier) meaning an establishment dis- 
tinct from the exhibitor's house, but working with no, or very 
moderate “power,” and ordinarily employing but few hands; 
Private Manufacture (atelier domestique), a part of the residence of 
the exhibitor, and in which the hands are limited to members of 
one family, apprentices excepted; Combined Manufacture (fabrique 
collective), combination of establishmenta of either grade, under 
the general supervision of the exhibitors, and each doing a portion 
of the work necessary for the production of the article. 

The indications thus marking the nature of the establishment 
exhibit in a general way the nature of the organisation of various 
trades. For example, they demonstrate that in most industrial 
callings, and above all in those which are the most nearly allied 
to the fine arta, articles are produced for the most part by distinct 
workmen, labouring at their own homes, by the piece, for regular 
customers (une clientèle). The contrast which exista between the 
manners of artizans of this class, and those employed in factories, 
is one of the most remarkable features of the industrial organi- 
sation of France; and it was a matter of interest to give it promi- 
nence. The exhibitor is also required to state the proportion 
which, in his opinion, the value of the goods manufactured by him 
per anpum for exportation bears to the total annual value of hia 
whole production; the date of the establishment of his manu- 
factory or atelier, and the medals or awards which he obtained in 
the exhibitions of 1851 and 1855, together with the ordinary 
description of the articles he exhibits. 


————dip—————— 


FOREIGN ENGINEERING MODELS AT THE 
INTERNATIONAL EXHIBITION. 


Tue engiueers of the Continent have shown themselves not 
backward to enter the lists at Kensington; aud it is both plea- 
sant and instructive to note their skill in a science, some of the 
most important branches of which owe their first rise and 
development to the veterans of our own country. France con- 
tributes a number of admirable models, designs, &c.; and the 
French Minister of Commerce and Public Works (M. Rouher), 
has caused a volume to be prepared containing very lucid and 
full descriptions of the works thus represented. We can 
only glance at a few of the more important or remarkable of 
these. 

Of the Cherbourg Breakwater a model is exhibited, to a scale 
of 1-1000th of the actual dimensions, and the Minister of 
Marine has contributed a notice of the progress of the under- 
taking from its commencement in 1740 to its completion in 1853. 
This breakwater cost, for a length of 3700 metres, 67 millions of 
franes, or 18,000 francs (about £730) per metre forward, exclusive 
of the forts. The construction of the work in its present form 
is due to the design of M. Fouques Duparc, under whose system 
it was carried on from 1831 to its conclusion in 1853. The 
lowest portion of the foundation (properly so called) is of hy- 
draulic beton, contained between two rows of granite blocks on 
the two faces, north aud south. This is carried to low-water 
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apring-tides, from which level the work is carried up in masonry, 
faced Tub granite Towards the open sea, the foot of the wall 
is protected by a huge screen of blocks of stone, descending to 
5 metres below low water. But at the extremities of the work, 
where the most violent effects of storm were to be apprehended, 
ordinary blocks of stone were deemed insufficient, and recourse 
was had to artificial blocks of 20 cubic metres in bulk, composed 
of gneies or sandstone rubble, in Portland cement, mixed with 
Medina cement to ensure more rapid set. These blocks, of which 
the earliest were placed in 1846, have generally speaking success- 
fully withstood the chemical action of the sea water up to the 
present time. The action of heat upon the granite facing, and 
more especially on the parapet, for the lengths of the two branches 
(nearly 1300 metres, and nearly 2000 metres, respectively) is very 
marked in its effecta in summer, the transverse Joints alternately 
opening and closing. No silting up of the roadstead appears to 
have followed the construction of the breakwater, although in 
storms there is some deposit of fine sand and gravel on the 
eastern bauk of the harbour. 

The Lattice-girder Bridge over the Rhine at Kell, connecting 
France with the Grand Duchy of Baden, was constructed under 
the joint superintendence of French aud German engineers. A 
model of a caisson for the foundation to a scale 1-10th full size, 
and models of one pier in course of construction, and completed, 
each 1-25th full size, are exhibited. The foundations were 
sunk by a modification of the method of compressed ajr, known 
in France as the system of M. Triger, from the circumstance of 
its having been invented by that gentleman, and employed in 
sinking shafta through wet strata. In England it is better 
known as Hughes’s pneumatic process, our countryman having 
been the first to show the application of the principle to the for- 
mation of bridge foundations under water, by means of cylinder 
piles or caissons. According to the method usually followed, the 
communication between the caisson and the surface is maintained 
by a single shaft, which is surmounted by an air-cage or air-lock, 
furnished with the necessary valve doora and air cocks, and con- 
taining the winch for raising the material excavated below. This 
shaft is thus commonly of considerable size, and as it has to be 
kept charged with air to a pressure sufficient to exclude the 
water from the caisson in which the men have to work, much 
pamping is required. After water has been readmitted into the 
cylinder, for the purpose of loosening the earth below, or on 
occasion of adding a fresh length to the air shaft, considerable time 
is consumed in pumping in the air before the water is again 
lowered so as to enable the excavators to return to their work. 

In the foundations of the Kehl Bridge, the caisson was fur- 
nished with two plate iron cylinders of moderate diameter, which 
were alternately employed as air shafts. One cylinder having 
been leugthened while the other was in use, no further delay was 
necessary than that required for transferring the air cage from 
the one to the other, and making the joint air-tight, and a lower 
valve was placed in each cylinder as a special provision for the 
change. Between the two air shafts, and opening into the centre 
of the caisson, was a large working shaft, in which the water 
was permitted to rise to its natural level, and tbrough which the 
excavated material was raised by a dredging apparatus. 

In the foundations first put in (those of the pier nearest the 
French bank) the working shafts were cylindrical and of iron 
paci but as serious hin ce was found to arise from the 

ückets catching against the sides, so as even occasionally to 
break the chains, these shafts were afterwards made of elliptical 
section, and carried up as wells in the concrete and mason 
are on the tops of the caissons, the interior being lined with 

rickwork on edge rendered with Roman cement, and the iron 
plates being dispensed with. The masonry as it was carried up 
was kept clear of the plates of the nir shafts, so as to allow of 
their being drawn up on the completion of the sinking of each 
caisson, and used over again. 

In forming the foundations of the first pier, a kind of coffer- 
dam appears to have been constructed on the top of each caisson 
as it descended, but in the other piers this plan was abandoned, 
the masonry being at once placed on the tops of the caissons. 
(It should be noticed that these were convex, and strengthened 
underneath by longitudinal and transverse girders.) The follow- 
ing is a statement of the time occupied in sinking the caissons 
for the abutments and the two river piera respectively. 


Abutment on the French bank:— 
55 working days of 16 hours: rate of sinking per hour, 0:0209 metre. 
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Abutment on the Baden bank: — 
31 working days of 11 hours: rate of sinking per hour, 0:0470 metre. 
River pier, French side:— x - 

25 working days of 10°56 hours: rate of sinking per hour, 00760 met. 
River pier, Baden side:— x 

24 working daya of 11:08 hours: rate of sinking per hour, 00750 met. 

Theincreased facility in sinking the last foundations as com- 
pared with the first (which will be observed from the preceding 
figures to be nearly as 4 to 1), resulted solely from the modifica- 
tions made in the original arrangement as the work proceeded. 
These modifications are stated to have been the following:—Con- 
necting the adjacent caissons firmly together;— Dispensing with 
timber coffer dams, and executing the foundation in one entire 
block of masonry above the top of the caissons;—Preserving the 
working shaft (or “ water shaft”) at the centre of each caisson, 
making it oval instead of circnlar, and lining it with brick on 
edge rendered with Roman cement;—Lining in the same manner 
the walls inclosing the iron air-shafts;— Filling in as expeditiously 
as possible, between the stiffening ribs of the roof and walls in 
the interior of each caisson, with masonry in the form of a vault;— 
Providing a pr of screw jacks to each corner of each caisson, 
taking their bearing from suitable timbering in the upper plat- 
form of the scaffold, and serving, first to lower the caissons to 
their exact place in the bed of tbe river, and afterwards as guides 
to keep them in their true position as the work of siukiug 
through the gravel went on;—Lastly, employing vertical dredging 
apparatus worked by steam in each water-shaft. 

À model 1-20th the full size, and two drawings, are exhibited 
of the Iron Bridge over the Garonne'at Bordeaux, connecting the 
Orleans and Southern liues of Railway. 

This bridge is about 600 metres between the abutments, and 
consists of seven buys, of which the two extreme are 57:36 metres, 
and the five others 77:50 metres from centre to centre of piers. 
The superstracture consists of two open wrought-iron girders 
6:35 metres deep, the top and bottom flanges connected by 
standards and cross bracing. The girders are connected with 
each other at the top by a system of cross bracing to steady 
them, and at the bottom by the transverse girders which carry 
the platform and raile. 

The piers are formed each of two cast-iron cylinders 8 metres 
apart from centre to centre, and filled with beton. Each cylinder 
is 3:60 metres diameter, and 0:04 metre (about 1,% in.) thick- 
ness of metal, and built up in 28 rings of about 1 metre high. 
The foundations of the abutments are of an ordinary character. 

The depth of the water, varying from 4 to 7 fathoms; the 
rapidity of the stream, which is trom 6 to 10 feet a second; and 
the existence of tides, which cause twice in the twenty-four hours 
& rise of 6 metres (nearly 20 feet), form the peculiar difficulties of 
the case, in order to meet which recourse was had to the tubular 
foundations. 

In sinking the tubes in the bed of the river the system of com- 
pressed air was employed, with the following special modifica- 
tions, which it must be observed were introduced during the 
progress of the work. 

1. The air-lock was formed within the cylinder itself, and thus 
ita position could readily be shifted as the sinking proceeded, for 
which it was only needful to unfix the plates forming the doors 
of entrance and exit, and refix them higher up,.bolting them to 
the rings composing the cylinder, which were provided with 
internal fillets or flanges. 

2. Hydraulic preases were used for applying weight to the 
tube, so as to drive it down with a force uently exceeding 
200 tons. : 

3. The stuff excavated was raised by means of power communi- 
cated from a steam engine. This arrangement involved the 
difficulty of transmitting a power generated in the open air to 
apparatus confined in compressed air. Accordingly a shaft was 
employed, working through a stuffing-box, the driving belt bein 
lengthened or shortened as the case required. The shaft work 
a windlass within the cylinder, the necessary means of throwing 
it out of gear being provided. 

By these arrangements it was found practicable to sink a 
length of 2°65 metres of cylinder in the twenty-four hours. 

It is very instructive to find that the increased rapidity in 
sinking secured by the gradual introduction of the modifications 
above enumerated was extremely marked; and this, notwith- 
inr the fact of the cyliuders last driven being the deepest 
sunk. Thus, the second cylinder in the second pier was sunk at 
an average rate of 0°79 metres per day, the time occupied being 
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10 days, and the depth in the river bed 7:90 metres, giving 
78,108 cubic metres of excavation. Whereas the first cylinder in 
the sixth pier was sunk in 9} actual working days; so that, 
although the total depth sunk was 17:03 metres, and the excava- 
tion 166,859 cubic metres, the number of days occupied was 
somewhat less than in the former case, while the depth sunk 
was more than double. We give the figures from the French 
official notices already referred to. 

The auperstructure was erected by means of a temporary bridge 
fixed first across one half the stream, and then across the other 
half, so as to keep a width of 250 metres always free for 
navigation. 

The proof was severe:—8000 kilogrammes per running metre 
(or nearly 23 tons per foot forward), first on one road, then on the 
other, and lastly on both ronds at once, leaving the testing load 
8 hours on the bridge. Under these weights the elasticity of the 
girders was in no degree impaired, and the deflection while the 
load remained on the bridge was 0'017 metre (about $ inch) for 
the extreme bays of 57:36 metres span, and 0:022 metre (not quite 
1 inch) for the intermediate bays, of which the clear span was 
71:06 metres. 

The bridge was also tested by running trains over both roads 
at various speeds and in both directions, and the deflections under 
this proof varied from 0°015 metre to 0'022 metre. 

The Viaduct at Fribourg carrying the railway from Lausanne 
to Fribourg and the Bernese frontier, across the valley of the 
Sarine, is illustrated by a model 1-25th the real size, showing one 
bay complete, and another in course of construction. Its total 
length between the faces of the abutments is 328'84 metres, and it 
resta on six piers placed at intervals of 48:80 metres. The height 
from the level of rails to that of the water of the stream at ita 
lowest is 76 metres. Each pier is composed of an upper portion 
44 metres in height, of metal, and a base of masonry founded on 
the solid earth. The highest pier measures 80 metres in all from 
foundation to level of rails. The portion in metal consists of a 
cast-iron base and top, and 12 cast-iron columns fixed battering, 
and well braced together. The section of the columns is that of 
a cylindrical nucleus eum DK four feathers, to which the ends 
of the bracing are attached. To facilitate the erection of the piers 
the 44 metres were subdivided into eleven heights of 4 metres, the 
junction of the columns beiug secured by means of flanges planed 
true and socket joints, and horizontal bracing being introduced 
at each of these stages. The superstructure is composed of four 
wrought-iron trellis girders. Friction-rollers are dispensed with, 
the flexibility of the iron piers being relied on for the play due 
to the changes of temperature. 

Owing to the great height, it was decided that timber scaf- 
folding could not be relied on for the safe and accurate execu- 
tion of the work. It was therefore resolved first to construct 
the four girders, and then to slide the whole forward on rollers 
until its end was projected over the base of the first pier. 
Powerful crabs, Worked by about eight and twenty men, were 
fixed on the masonry of the abutment, working chains and 
pulleys, by means of which the materials for the iron super- 
structure of the pier (carried on a truck to the end of the bridge) 
was successively lowered until the whole was completed. This 
process was then repeated in the construction of the next pier, 
and so on until all were finished. The strength of the girders 
for the first and second bays was specially calculated to enable 
the bridge thus to act as a cantilever for a length equal to the 
first bay, besides which chain-bracing was introduced between 
the second bay and the forward end of the first bay, to keep the 
deflection within as narrow limits as possible. To obviate the 
danger of the piers being deflected from the true perpendicular, 
by the bridge being rolled forward over them, they were atayed 
from each other and from the abutment by iron cables, maintained 
in straight lines by being suspended by rods from little chains. 
The drawing the bridge forward from one pier to another (a dis- 
tance of 48:80 metres) required six men, working for six hours. 

A model of a Railway Bridge over the Rhine, near Mentz, is 
exhibited by Messrs. Klett and Co., of Nuremberg. In this, 
attention is principally drawn to the superstructure, which is of 
wrought-iron, constructed on the system of M. Pauli by the above 
named Bavarian engineering firm. 

The entire viaduct is 3375 feet long, and consists of four princi- 
pal bays of 332 feet clear span each, at a skew of 27? from the 
square, six bays of 110 feet, thirteen of 49 feet, two of 82 feet, and 
seven of 49 feet. The model represents to a scale one-tenth fall 
size, one of the four principal bays for a single line of railway, 
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the piers being of sufficient width for a double line, which it is 
intended ultimately to have. The roadway is formed by two 
longitudinal trellis girders carrying the transverse girders, which 
again support longitudinal plate girders (one under each rail), 
upon which the transverse wooden sleepers are secured. Each 
trellis girder derives ita support from a deep wrought-iron truss, 
consisting of a plate bow aud aiopansio chains, an arrangement 
similar to that of the trusses for the Royal Albert Bridge at 
Saltash, but differing from it in the quantity of diagonal bracing 
which is introdaced between the bow and the chain, and in the 
bow being of double-headed boiler plate section, instead of being 
in the form of a tube. In neither of these points do we find the 
construction an improvement upon Saltash, for where the entire 
depth is so considerable, and the diagonal bracing necessarily of 
great length, we do not see that much reliance can be placed upon 
an action which to be perfect must involve an alternation of com- 
pressive with tensile strains. We therefore regard this structure 
as a mutually supporting combination of arch and chain, rather 
than a braced girder; and, although doubtless an original idea as 


far as M. Pauli is concerned, the priority in fact would appear 
due to the late Mr. Brunel. 
(To be continued.) 
——— fü ÓÓ———— 
REVIEWS. 


On Heat in its relations to Water and Steam; embracing New 
Views on Vaporisation, Condensation, and Explosions. By C. 
Wye WiLLiAMS, A.LC.E. Second Edition. Longman & Co. 
The first edition of this original and useful work was noticed 

at page 378 of the volume of this Journal for 1860; and also at 

pages 29 and 82 of the volume for 1861. A reference to those 
notices will show why we indorse the reasoning demonstrations 
and conclusions of Mr. Williams, notwithstanding the overthrow 
of the theories, empirical rules, and conclusions of chemists, 
engineers, and philosophers of high standing. Mr. Williams, 
with a few glass beakers and a Florence flask, has done more to 

develop the laws of heat in their relations to water and steam ` 
than all the previous costly experimenta of governments and of 
individuals. In science as in morals, when false doctrines are 
propounded and maintained by great intellects, it often happens 
that paralogy for a considerable time defies the powers of truth 
and sound reason. Mr. Williams, we imagine, cannot complain 
on this score, since editions of his work are now being prepared 
in the French, German, and Italian languages by scientific men. 

The success of this work may in a great measure be attributed to 

the perspicuity of its language, the clearness of its demonstra- 

tions, and the systematic order of its arrangement, 
On Boiler Explosions Mr. Williams says— 


* Numerous instances have occurred where explosions of boilers have 
taken place on the steam engine being set to work after an interval of 
rest. This circumstance has given rise to many speculations, and it 
certainly appears unaccountable that the very act of liberating the steam, 
and thus, as it were, relieving the boiler of & portion of its pressure, 
should be followed by & practical augmentation of it. It is manifest, 
therefore, that there must have been sorne direct, thongh hitherto unex- 
plained cause for such increased pressure, when & diminished one might 
reasonably have been expected. It is clear, also, that there must have 
been some rapid, and even sudden action, which is irreconcilable with 
& gradual generation of steam, and increase of heat. 

In explanation of this anomalous augmentation of pressure, several 
writers have assumed what they term a sudden ‘flashing of the water 
into steam.’ This, however, is so wholly op to the effect which 
characterises the gradual addition of heat, and the progressive change from 
the liquid to the vaporous state, as to be wholly inadmissable. It would 
imply some sudden action on the part of the water, as a body or mass, 
apart from its elementary particles, and without any additional accession 
of heat. Besides, the sudden flashing of water into steam, which means 
the sudden conversion of liquid into vapour, is opposed to all known ideas 
of the nature of matter in the liquid state, and that change of condition 
from attraction to repulsion among its particles which would be the 
necessary consequence of their becoming vaporous. 

Other aitare. are of opinion that when, on the opening of the valve, the 
steam is allowed to escape, an undue agitation of the water is produced, 
by which it is dashed against the hotter portion of the furnace plate, and 
more especially if any part had been left uncovered by a neglect in the 
supply of feed water; assuming that a largely increased quantity of 
Bteani, with a corresponding increase of pes would be the result. 

This theory is at once disposed of by the fact that explosions Are 
equally attendant on an overcharge, aa an undercharge of water, and that 
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it attributes results on the largest scale to comparatively insignificant 
causes, —a maximum of effect from a minimum of power. 

A detail of the supposed causes of the sudden production of large quan- 
tities of steam, and consequent explosions, with numervus well selected 
cases, was given a year or two ago in a series of papers in the London 
Engineer. Ut is unnecessary, therefore, here to do more than brief 
enumerate the leading heads under which those causes may be 
—viz., first, *electricity; second, ‘decomposed steam; third, ‘ over-pres- 
sure;’ fourth, ‘explosions at ordinary pressure; fifth, ‘ the momentum of 
combined steam and water.’ This last is examined in reference to a 
statement made in a letter from Mr. D. K. Clark, published in the 
Mechanic's Magazine, Feb. 9th, 1860. 

Let us now consider this subject practically. In section 6, on Ebulli- 
tion, and 8, on the Presence of Steam in Water, it has been shown that 
so soon as the water has become saturated with steam, and the tempera- 
ture of 212°, or thereabouts, has been reached, an uniformity both of 


212° 


temperature and pressure begins to prevail, and continues both above and 
below the water level, indicating an uniformity in quantity of steam in 
both places. In other words, that each cubic inch of space in the boiler 
contains the same quantity of steam. The annexed figs. will sufficiently 
illustrate this. 

Let Fig. 1 be an open vessel half filled with water, having two thermo- 
meters suspended in it, the bulb of the one being below the water level, 
and that of the other above it. On heat being applied from beneath, 
steam will be generated and become diffused throu D the water until the 
point of saturation and the temperature of 212? been reached: the 
thermometer above the water, as presently will be shown, varying acoor- 
ding to circumstances, 

Let Fig. 2 represent the vessel covered and steam-tight, and the heat 
further applied. In this case the chamber above tbe water line will be- 
come equally filled with steam, and both thermometers will then stand at 
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220° 


212°, as there marked, the dots representing the steam atoms below, as 
the stars do those above, the water line. 

Let Fig. 3 represent the same vessel under a further application of heat, 
and when an accumulation of steam will continuously and uniformly take 
place both in and above the water, as there shown by the increased and 
corresponding number of dots and stars in both places. In this case 
then we have a continuing uniformity of quantity, temperature, and 
preasure—say at 220°, or any higher degree, as the heat may be applied. 

Let us now practically tent these three states by the following experi- 
mente. In illustration of Fig. 1, heat was applied under an open vessel 
half-filled with water, and having two thermometers in it, the one in the 
water and the other one inch above it. The following was the result, 
fractions of minutes or degrees of heat not being noted (See table):— 
We here see that from the moment the heat was applied there was an 
unremitting evaporation or escape of steam from the water into the air 
above it, and indicated by the thermometér as noted in column 2. 
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Temperature in Tem ure above Time for every ten degrees 
the water. e water. of temperatare. 

70* 70° 

80 75 8 minutes 

90 81 2 " 
100 87 2 sk 
110 92 1 " 
120 97 1 M 
130 102 1 » 
140 106 1 »" 
150 111 1 4 
160 116 1 ü 
170 120 1 " 
180 125 2 js 
190 131 1 M 
200 137 2 " 
210 148 2 » 
212 149 


On the temperature reaching 212?, the state of the water and steam 
in it may be taken as represented in Fig. 1, and as being at the point of 
saturation, 

The next experiment, in illustration of Fig. 2, was made in a steam- 
tight vessel with two thermometers, being half filled with water. The 
following were the results :— 


' T rature above 
T lor " "te water. Time in minutes 
70° 70° 
80 75 1 minute 
90 84 1 ” 
100 94 1 ” 
110 104 1 » 
120 114 1 » 
130 124 1 » 
140 134 1 ” 
150 144 1 » 
160 154 1 » 
170 164 1 55 
180 173 1 » 
190 183 1 ” 
200 193 No. 
210 204 HM, 
212 212 


Here the steam rising out of the water into the close chamber above it, 
with the consequent increase of temperature, followed close on that of the 
steam in the water. This was what might have been expected; the steam 
however, being generated in the water, and then passing into the space 
above it, must necessarily take the lead in quantity in the former. 
Nevertheless, its escape is so rapid, that it is throughout but a few de- 
grees less in quantity than in the water itself. 

is experiment illustrates what is represented in Fig. 2, the pointa 
below and the stars above being equally numerous in both places, and 
indicating an uniformity of temperature when at the boiling point under 
atmospherio pressure. 

In both these experiments we have an unquestionable refutation of the 
prevailing theory of the steam being only generated at the boiling point. 

ere that theory correct the temperature in the space above the water 
line could not have been affected, but which waa occasioned solely by the 
formation and escape of the steam, and which we see took place from the 
moment the heat was applied. 

The third experiment, in illustration of Fig. 8, was a mere continuation 
of the heat, with a further increase of steam and temperature—both 


iments are so easily made, and withal so reliable, that it is 
a matter of surprise they have not been repeated or commented on by 
writers before they commit themselves to the unexplainable theories we 
find recorded. Now the thermometer, being so trustworthy a test both 
of temperature and pressure, furnishes a sufficient refutation of those 
here enumerated. No boiler, then, should be used without having one 
inserted in it, so as to pass into the water, where it will become a more 
reliable test than the ordinary mercurial pressure gauge. We have every- 
where tables of the comparative temperature, force, and pressure of 
steam; yet, strange to aay, we find very little attention paid to them in 
practice.” 

In support of his views Mr. Williams next introduces one of 
his convincing experiments, already illustrated at page 85 of this 
Journal (vol. for 1861). He then continues:— 


* We have here & miniature practical effect of what takes place in & 
boiler under similar circumstances, the violence of the aotion being 
increased in proportion as the area of the water exceeds that 
above it. This experiment should not be made with distilled or filtered 
water, but with water containing its ordinary quantity of motes or 
foreign master, that ebullition may take place. 

The necessary inference is, that the risk of explosions is greatly in- 
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ereased the increase of water in the boiler, every cubic foot of which, 
beyond what is absolutely necessary for the generation of steam, being an 
additional source of danger, when there is any sudden liberation of the 
steam which it contains into the reduced space above it. 

Now the determining the mere question as to the relative value of a 
large or amall boiler for an engine of any given power, on the score of 
efficiency or economy, is of itself worth the whole labour of the inquiry. 
Again, the determining on sound intelligible principles the comparative 
value of the areas of space below and above the water line, is a matter of 
great practical importance. These are points, however, which receive 
no attention from those to whom the construction and details of boilers 
are usually entrusted. If even we ascend higher, and look to those at 
the head of the first engineering establishments in the kingdom, we find 
the same neglect of those chemical principles on which the perfect com- 
bustion of the fuel absolutely depends Look for instance to the plan of 
the boilers of the Great Eastern, designed by the late Mr. Brunel. It is 
only to say that we there find, on the one hand, the greatest 
and most palpable violation of all natural and chemical laws, aa regards 
effecting combustion and the generation of heat; and, on the other, the 
application of that heat in the generation of steam. The result is, not 
merely a large and wasteful expenditure of fuel, but a serious impedi- 
ment to the generation of steam by the presence of soot, which lines the 
interior of the tubes. 

In confirmation of the existence of steam below the water line, it ma 
be asked how otherwise it could be explained that the temperature, bo 
in the water and in the chamber above it, should be so instantly and 
simultaneously reduced? That the temperature above the water ahould 
be rapidly lowered to that of 212° is at once understood, as the result of 
the escape of the steam; but wholly unintelligible, as regards the space 
below the water surface, except on the supposition that that space con- 
tained steam as well as water. 

If the heat had been absorbed by the water still in the liquid state this 
sudden Paese of the temperature could not possibly have taken place. 
It would be utterly opposed to all known principles, as the trans- 
mission of heat between bodies, that either solids or liquids could be 
instantaneously deprived of their heat. The parting vith heat by one 
body, and its being taken up by another, must be progressive, the one 
giving out heat only as the other can absorb it. As well might we 
expect that one ton weight of iron or lead, at a high temperature, could 
part with ite heat instantaneously to another, as that a ton of water, 
supposed to be merely heated, could instantaneously part with its heat, 
and be reduced, say from 312° to 212°. 

The rapidity with which the thermometer immersed in the water indi- 
cates a corresponding depression with that in the space above it, ought, 
therefore, to convince us that it was not the water aa a liquid mass that 
contained the heat, or acted on the thermometer, but the steam, each 
atom in its escape from the water medium carrying away ite own heat. 
In a word—that the cause of the indicated and simultaneous reduction of 
temperature was the same in both cases, namely, the escape of the steam 
which each contained. 

Steam may almost instantaneously be discharged from the water, and 
the temperature as instantly reduced to 212°, the saturating point; 
whereas mere heat, supposing it had been absorbed by the water, could 
not possibly be so disposed of. This single fact should be conclusive on 
the subject.” 


The work before us detects and defines many of the laws that 
p heat in its relations to water and steam; however, a per- 
ect knowledge of the philosophy of steam cannot be attained 
until more is discovered. of the part performed by electricity in 
connection with it. 

The whole chapter on boiler explosions is worthy of the most 
careful attention of steam engineers, boiler makers, and all inte- 
rested in the application of steam as a motive power. Indeed, 
the world is largely indebted to Charles Wye Williams for his 
original views, sound reasoning, backed by clear and accurate 
experiments, and conclusive demonstrations. 


Iron Breakwaters and Piers. By E. B. Wess, M. Inst. C.E. &c. 
London: Lockwood. 1862. 

Mr. Webb has designed and patented a breakwater, which he 
considers to be free from the disadvantages of either floating or 
solid structures. The following is an account of the considera- 
tions to which the inventor has had special regard, and the 
deecription of the arrangement by which the proposed end is to 
be attained. 

“The objects sought are obtained— 

latly. As to stability, by fixing the breakwater to the bed of the sea. 

2ndly. As to prevention of silt, by allowing the tidal and other 
currente to pass freely through the breakwater. 

3rdly. As to cost, by using (by preference) cast-iron in its cheapest 
form. 
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Description of the Breakwater. 

This breakwater in italsimplest form is supported on cast-iron cylindrical 
piles, sunk into the ground either by screws, or by the process adopted in 
the construction of the Morecambe Bay Viaducts. Te iles are filled 
internally, to above high-water mark, with concrete. To are fixed 
girders or beams of iron, placed, as & convenient distance, at ten feet 

; but the distance can be varied in accordance with the locality. 

girders have sockets, in which are fixed the ends of pipes forming 
that portion of the surface of the breakwater which rises above low-water 
mark. It will y be found advantageous to place thia surface at an 
inclination to horizon. The pipes resemble or water mains, bat 
they are of a simpler and cheaper construction. ‘The ends of these t 
are securely fixed in the ta of the girders by creosoted w: 
wedges; and these wedges, whilst keying up the ends of the pipes, relieve 
the girders from the effecta which the blows of the waves, acting upon 
iron against iron, might otherwise produce. The between the pipes 
admit a certain portion of the waves to pasa through, diminishing the force 
of the blows of the waves, and preventing any disturbance of the surface. 
water inside the harbour. A set of similar pipes is fixed vertically be 
tween the piles in the front row to a doe varying, according to circum- 
stances, from six to twelve or more feet w low-water.” 


Mr. Webb has given special attention to the durability of cast- 
iron in sea-water, and the subject is one of such importance that 
we extract his observations; while not professing to show that 
all cast-iron may be trusted to withstand the deteriorating action 
of the sea, our author brings forward several instanves in which 
its judicious employment has been proved by ita remaining 
uninjured after many years’ submersion. 


Durability of Cast Iron in Sea Water. 

Cast-iron in sea water is liable to two descriptions of deterioration— 
generally by the absorption of oxygen, and occasionally, with certain 
qualities of metal, by a softening of the outer surface. 

The oxydation of cast-iron in sea water does not proceed rapidly, even 
when its surface is unprotected and its quality that most favourable for a 
union with oxygen. An idea of the rate of oxydation may be formed 
from the following statement by Mr. R. Mallet, (as the result of numerous 
experiments,) that ‘cast-iron freely exposed to the weather at Dublin, and 
to all ita atmospheric precipitations, was corroded nearly as fast as if 
in clear sea water, when the specimens in both cases were wholly us- 
a: iron breakwaters, ths questioni as to grid will refer chiefly to 

perte w low-water; for the protection of the superstructure against 
slow and unimportant oxydation may be readily insured. It has been 
stated, that the oxydation of iron surfaces continually covered with water 
goes on more slowly than when the metal is exposed alternately to air and 
water. In addition to this circumstance, favourable to the easy protection 
of ironwork standing in the sea, it will be found that in the majority of 
localities the sea itself provides, in the shape of mollusks, an Dt 
protection to the submerged portions. 

The softening of cast-iron is a process not clearly understood. Cast 
iron will soften in the cylinders and pipes used in mines, aa well as in piles 
standing in sea water. After softening under sea water it will at times 
become hard again on re to the air. Cast-iron, however, is very 
far from being generally liable to the of softening. 

In consequence of the great variety in the quality of cast-iron, instances 
are not wanting which apparently support directly opposite opinions. 
Caat-iron has been taken up after immersion in sea water, utterly decom- 
posed. In many such cases, it is known that the iron has been p 
cast of the softest metal, and in others it may fairly be presumed that soft 
metal has been employed. On the other hand, there are numerous in- 
stances of cast iron having remained perfectly sound and uninjured after 
an immersion for many years in sea water. Frem very numerous 
examples of long immersion without injury, the writer will select a few 
which he has personally examined. 


Dock Gates, Sheerness. 
There are several pairs of cast iron dock gates at Her Majeaty’s dock- 
, Sheerness. They were designed by the late Mr. Rennie. The 
eel posts, mitre posts, and ribs, are of cast iron. The gates are sheeted 
from top to bottom with cast iron plates, perfectly watertight. Three 
pairs of gates have been exposed to the action of sea water since 1831, 
and a fourth pair since 1827. 

The writer examined these gates in January of this year, 1862, and be 
found that the framing and plates were in perfect condition. From the 
dockyard officials he learnt that no portion of the cast iron had ever been 
replaced, in consequence of deterioration of the metal, and that no piste 
had given way, although there is a head of water equal to 26 feet aè 
spring tides. Three paire of these gates have, therefore, resisted the 
action of sea water, uninjured, for fully forty years, and a fourth pair for 
thirty-five years. 

The writer observed, however, that the cast-iron sector plates, against 
which the gates shut, are softened in places to some tittle extent, bet 
only where the iron is in contact with a mass of lead, which has bem 
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used to form a water-tight joint; the galvanic action created by the con- 
tact of the two metals having, doubtless, caused the softening of the iron. 

At Chatham, the writer saw a number of iron castings which had been 
removed thither from a dock at Pembroke, where a caisson haa replaced 
the gates. After an immersion in sea water at Pembroke for many years 
these castings are found to be in so perfect a state, that they will shortly 
be put in use at the new entrance to No. 1 dock at Chatham, there again 
to be exposed to the action of sea water. 

Lowestoft Harbour (Basin Entrance). 

The late Sir W. Cubitt having witnessed the rapid destruction of 
timber in the sea at Loweatoft, being satisfied as to the durability of 
cat iron in sea water, determined upon casing the entrance of the 
Lowestoft basin with cast iron piles. The work was commenced in 1832, 
under Mr. George Edwards. The writer examined these piles laat year, 
snd he found them uninjured, They are, for all practical purposes, as 
and as perfect as when they were driven—upwards of twenty-eight 


Southend Pier (Extension). 


Engineers), in ar the extension of this pier, after careful considera- 
ation of the durability of cast iron in sea water, selected that metal for his 


vibe ozaminod: thosa piles he found them in a most ect state. 
They are. square; aud angles are as as when left the 
foundry. . Simpeon specified the quality of the iron from which these 


Herne Bay Pier. 

The Pier at Herne Bay, nearly three quarters of a mile in length, was 
designed by the late Mr. Telford. It was built of timber in 1831. 
After standing for about seven years, the piles were generally so far de- 
stroyed by the worm, that it was decided to use cast iron, to a great 
extent, in the repairs. Accordingly, in 1838, a great number of cast iron 
yas piles were driven. Very recently the writer examined this pier. 

e found the cast iron in a most perfect state. The angles of the piles 
were , and the surface as smooth and as sound as when the cast- 
ings left foundry. The piles, as usual, are covered with shell-fish, 
which keep the surfaces moist during ebb tide. Not more than one-half 
of the whole piles in the pier are of iron; those of wood are either cut 
through by the worm, or are under that process of destruction. The 
timber piles have required constant repairs and renewals. Upon the cast- 
iron not & shilling has been expended. The pier in consequence of the 
destruction of the timber, which is imme in the sea, ia in a most 
dangerous condition Had Mr. Telford, in the first instance, selected cast 


iron for the piles of his pier, the substructure would have been as sound ° 


today as when put down in 1831. With the exception of the cast iron 
piling, which has been under the action of sea water twenty-three years 
uninjured, this pier may now be termed a ruin. 


Margate Jetty. 

A jetty erected at Margate in 1831 rested on timber supporta fitted into 
cast iron piles. These piles did not stand sufficiently high from the bed 
of the sea, and the lower portion of the timber, exposed to sea-water, was 
destroyed. by the worm. In 1853, nearly all of them were taken up and 
sold for old metal at the price of pig iron; and in the same , 8 new 
iron pier, resting on cast iron piles, was erected by Messrs. J. B. and E. 
Birch. A number of the old piles, after having been immersed in the 
seawater for upwards of twenty years, were last year to be seen on the 
pier at Margate. The writer has carefully examined them; they are as 
sound az when thev left the foundry; in no instance can any softening of 
the metal be detected. A still stronger proof, however, is to be found in 
some of the cast iron piles of the old jetty, which are still in situ at the 
head of the present jetty. In these piles no deterioration whatever can 
be discovered. The shell-fish with which they are covered form a perfect 
Protection against oxydation. These piles have stood in the sea during 
thirty years, and are perfectly uninjured. 

If, numerous and undoubted examples of cast iron do exist which 
have withstood the action of sea-water, without any deterioration, for up- 
wards of a quarter of a century, we must come to the conclusion, that 
where cast iron has been injured or decomposed in open sea water within 
a leas period, the cause is to be found chiefly in the quality of the iron 
not being suitable for the work in which it is placed. The power, there- 
fore, of various claeses of cast iron to resist the action of sea-water, will 
ie” Neg to quality. 

cast iron used by Mr. Murray in the dock gates of Sunderland 
tay be cited in proof of the foregoing statement. After an immersion 
for some years, the rollers under the gates were found to have been acted 
upon by sea water, but other portions of cast-iron in the body of 
the gates remained uninjured. As the rollers to be turned in the 
lathe, they were doubtless cast of soft material, but the other portions of 
cast iron, not requiring to be cut by tools, were of harder metal. The 
former gave way, but the latter remained perfect. 
: The words ‘‘cast-iran” admit of almost the same latitude of significa- 
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tion asthe word "timber." Because we dare not use poplar on account 
of its liability to decay, it does not follow that no structures are to be 
erected of other qualities of wood. 

ie a meeting of the Institution of Civil Engineers gor 13, 1844), 

r. J. Simpson stated, that with y cast-iron, having a gur- 
face, little injurious effect from e. i ideis was to be TM He 
also stated thst he was then about to use cast iron extensively for piles, 
and that he had examined cast iron piles which had been in sea-water for 
sixteen years without any detrimental effect, being produced. 

It appears that the action of sea-water is powerful in the greatest 
degree when the iron is composed of large and ially when 
there is irregulsrity in the jeation. It may be said the softer 
the iron the greater is the liability to decomposition.* Between the limite 
of extreme aoftness and decay on the one hand, and extreme hardness 
and durability, with brittleness, on the other, we have to make the selec- 
tion. It has been stated+ that chilled cast iron corrodes faster than 
sand castings, that all castings intended for use in sea water should be 
cooled in the sand to insure uniformity in the crystals and that Welsh 
iron is the best, From a careful investigation of the subject the writer 
has arrived at the conclusion, that a strong description of cast-iron may 
be employed, capable of enduring the action of sea water for an indefi- 
nite length of time. 

Tn cases where, from the use of an unsuitable quality of iron, or from 
contact with some other metal (such as lead or copper), softening of the 
iron has taken place, it will generally be found that the glazed skin pro- 
duced by the sand of the mould in the process of casting, has been 
removed by tools, accident, or wear. An iron breakwater can be erected 
without any removal of this protecting glazed skin ; no holes will be 
required to be bored, and no surfaces cut by tools. 

As an instance of the detrimental effect of placing another metal in 
contact with cast-iron, it may be stated that the cast-iron plates affixed to 
ship's bottoms (according to the proposition of Sir H. Davy) for the 
protection of the copper sheathing, rapidly became softened.” 
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Prusemcrivg Vigmw or Wyna's Casr-1RON. BREAK WATER, 


The above illustration exhibits a perspective view of the cgst- 
iron break water for localities where the rise and fall of the tide is 
small. Two rows of piles only are required, and the girders may 
be cast in whole lengths. In the illustration the face-pipes are 
placed in one line, whilst in some cases they are arranged in a 
zigzag line, tending more effectually to break up the waves. A 
combination of fixed and winged face-pipes is sometimes employed. 
The face-pipes are fixed in the girders by means of creosoted 


wedges, 


* In Brando's Manual of Chemistry, (vol. i., p. 764, edition 1848,) the folio 

remarks are made upon cast-iron:—'' White cast-iron is very hard and when broken 

a radiated MEN Acids ee Win loon postion a Gabin A pn composed aai a 

congeries of plates, aggrega ons. Grey or cast-iron T 

Forst brittle; it may be bored and turned in the lathe. When immersed iu dilute 

hydrochloric acid it affords a uapntity of black insoluble matter, which Daniell 

considers as a triple compound n, iron and silicium, and which h.s some very 
properties, The texture of the metal resembles bundles of minu:e needles." 

a paper inserted in the ‘ Edinburgh Philoso: Journal’ (vol. vii., p. 201), Dr. 
McCulloch remarks that ‘‘ the blackest pig-metal appears to yield the greatest quantity 
of black-lead, and in the most solid state. 

The Mining Journal, of January 11th, 1862, under the head of ** Artificial Plambago," 
states that, “for some time past, Dr. Crace Calvert F.R.S., has been engaged in 
experimenting upon the composition of a carboniferous substance cxisting in grey cast- 
iron, or, to use a wore popular definition, in producing plumbago from cast-iron. The 
effect of his experiments has been to arrive at results which throw mach light upoo the 
chemical composition of the substance, proving it to be composed of iron, carbon, nitro- 


gen, and am,” 
t Minutes of Proceedings, Institution of Civil Engineers, vol. i., p. 73 (Session 1840.) 
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The object had in view in the particular form of breakwater 
recommended in the pamphlet before us will be seen to be partly 
to resist the wave, and partly to absorb it, or rather break it up 
by letting ene drop through as it mounts up the slope. 
Against a solid breakwater the crest of the wave rises until its 
whole momentum is exhausted. This will of conrse not be the 
case with the present giura construction, and Mr. Webb 
argues, from Niagara and waterfalls generally, that at a few feet 
from the breakwater inside the harbour there would be no sur- 
face motion. We incline to think this conclusion one which can 
be satisfactorily established only by experiment, as the inter- 
cepted wave and the waterfall are not under exactly the same 
conditions. In the latter the fall of water is continuous instead 
of periodic, and the water, after plunging some depth below the 
surface, is carried off by a rapid current constantly in action. 

Another point adduced in favour of this breakwater is its pre- 
vention of the deposit of silt by allowing tidal and other currents 
to pass freely through. There can be little doubt that this 
circumstance would materially lessen the external silting up 
that would otherwise take place. At the same time, it must be 
observed that the breakwater cannot tail to retard the upper part 
of such currents more or less, and how far this might cause any 
deposit within the harbour would be a proper subject for inquiry. 
In positions where rapid currents exist, the queation of scour at 
the bottom of the structure might also arise. 

Mr. Webb's pamphlet demands the careful attention of all who 
are interested in harbours or piers. The cost of his system of 
construction, as compared with stone, is exceedingly small. At 
the same time, it would be difficult to determine without actual 
trial how far it may be applicable under all circumstances and 
in all localities. 

a 


The Church of St. John, Ielington.—The Roman Catholic 
Church of St. John, at Islington, which had been closed for 
decoration and repairs, was reopened on the 24th ult It 
coutains an important work in freaco by Mr. Armitage, who had 
already painted a large and genuine fresco in one of the chapels, 
representing St, Francis receiving the rules of his order from the 
Pope. Mr. Armitage’s new fresco surrounds the semicircular 
apse, and represents the Twelve Apostles grouped in pairs on 
either side a seated figure of Our Saviour in the act of benediction. 
The figures are on a diaper background of gold and purple. The 
figure of Christ if standing would be 11 feet high. T 
the Apostles is 8 feet, and the total length of the fresco 52 
feet. "The work was begun on the 16th of July, 1861, and 
finished at the end of June 1862, with five months’ intermissiou 
during the winter. Mr. Armitage has clothed his: Apostles 
uniformly in a long white under ent, with a yellowish outer 
robe. The richness of colour which the draperies do not supply 
is got from the frescoed diaper against which they are rauged. 
They hold their attributes, or the instruments of their mártyrdom, 
John and James (the greater) stand next to the Saviour's left, the 
former with the roll and pen of the Apocalypse, the other resting 
on the sword. Behind these stand Philip and James (the less), 
with tbe fuller’s club with which he was beaten to death, and next 
to them Simon Zelotes, with eyes upturned and hands clasped in 
rapt devotion, and Thaddeus, with the arrows, Peter stands on 
the right hand of Christ, firmly grasping his keys. At his side 
stands Andrew, with his palm of martyrdom. Behind them 
Matthew grasps his volume of the Gospel and the pen of the 
Evangelist ; while incredulous Thomas points allusively to his 
side. Bartholomew, an aged man, bearing the knife with which 
he was flayed alive; and Matthias, with earnest, reverent face and 
clasped hands, complete the twelve. As frescoes, the figures of 
the Apostles have sin merit. The painter is satisfied that 
his work will be durable, no lime having been allowed to enter 
into the colouring of the flesh, and the intonaco itself having been 
used for the white of the draperies. The general effect is noble 
and devotional, and the style of the fi unusually large, noble, 
and manly. Mr. Armitage has designed the decoration of the 
reat of the apse, filling its upper compartment with the winged 
emblem of the Evangelists, and ornamenting the mouldings with 
patterns borrowed from authorities of the 9th and 10th centuries. 
All who are interested in the question of the public employment 
of fresco in deoorative painting should examine for themselves 
this importaut new example of the practice. Mr. Armitage’s 
productions in St. John’s deserve to rank in the firet class of 
works of the kind in London. 
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ON A TIMBER GROWN IN WESTERN AUSTRALIA, 
WHICH IS PROOF AGAINST THE WHITE ANT 
AND SEA WORM. 

We have been favoured by a correspondent with the following 
interesting notes respecting a timber found in Western Australia, 
which, after numerous and severe tests, has been ascertained to 
be by nature impervious to the attacks of the worm; and may be 
used in salt water with security. Specimens of the timber, with 
piles, &c. that have been actually in use in sea-water, aud where 
exposed to white ant for many years, way be seen at the Inter- 
national Exhibition, in the West Australian court (No. 26). The 
timber in question is commonly called “ mahogany” in Western 
Australia, and it very mnch resembles that wood in appearance. 
The native name is “ jarrah,” and the botanical name of the tree 
“Encalyptus.” It has properties which make it peculiarly 
applicable for works in the tropics, or on the sea-coast—viz, 
that neither the white ant nor the sea worm will touch it, and 
that it suffers very little from exposure to the sun or atmosphere. 
It can be delivered in India or tbe Mauritius in picked logs, or 
in baulk (provided a quantity of not leas than 200 loads is pur- 
chased at one time), for leas than 4s. a cubic foot; and if arrange- 
ments were made for a larger quantity —say of not less than 400 
loads—it might be delivered for 3s. 6d. a foot, or less. The 
principal part of the timber trade of the colony of Weatern 
Australia is at the Vasse, from whence extensive shipments have 
been made to the eastern colonies of Australia, Ceylon, and some 
of the Indian railways. A quantity has also been supplied for 
Government works in the Mauritius. . 

The timber grown on the hills, or at the foot of them, is very 
superior to that grown near the coast—at least, in those parts of 
the latter where the soil is sandy—many of the trees from the 
latter locality being shaky at the centre, and generally less com- 
pact. To give some idea of the price of the timber in the colony, 
it may be stated that the average consumption at Freemantle for 
Government purposes was about 500 loads per annum; and that, 
in 1856, a contract was entered into for the supply of a quantity 
of timber at Freemantle for 57s. 6d. per load. A small advance 
was afterwards made on this price, but since that time the trade 
has been extended sufficiently to allow of the employment of 
machinery, and the construction of trams for the conveyance of 
the timber to the port of shipment, so that the prices are much 
reduced. Iu cutting up the sand-grown timber, a waste of about 
. The loss in cutting up the logs from near 
the hills was not nearly so large as 18 per cent., as the cores of 
these logs were in general sound. 

The chief expeuse incurred in obtaining this timber is the cost 
of transport to the place where it is to be used, dnd therefore the 
logs should be prepared so that as little waste as possible may 
arise when they come to be cut up for use. They should either 
be cut into baulke, which would be the most convenient form for 
shipment, and afford the greatest security against unsound tim- 
ber passing survey, or they should be sawn square in the forest. 
It is probable that there would not be much difference in the 
price, because a contractor would get more out of a log by cutting 
it into baulk than by sawing it square, and the extra timber 
obtained would pay for the extra labour in ariar If the tim- 
ber were brought in a quantity exceeding 400 loads, it would be 
worth while for the captains of the convict ships, about three of 
which per annum leave Western Australia for Ceylon or India, 
seeking cargo, to take it in as cargo for India, &c., and it is 
believed that in this case freight could be obtained for little 
over £1 per ton. The charge for freight would probably not ex- 
ceed 24s. per ton, or 36s. a load, which would be about 8]d. per 
foot—say 9d. The engineer of the Columbo and Kandy Rail- 
road, in Ceylon, said, in 1858, that he could afford to give £74 
load for timber fitted for piles, stringers, or sleepers; and since 
that timea considerable order has been given to parties in the 
colony, on account of this timber, so it is fair to presume that 
the price at Ceylon did not much exceed £7. The cost of these 
sleepers at Madras has been 10s. each, which is about the same 
as that of the Indian woods of the best class. It has been sup- 
plied to Adelaide, South Australia, and Melbourne, Victoris, 
in scantlings fit for railway purposes, for less than the price 
above estimated. . 

Captain Wray, Royal Engineers, says “as s ita properties, 
I have used upwards of 3000 loads of it in buildings, jetties, and 
bridges, and 1 have examined timbers which have been exposed 
to the action of the white ant and sea-worm, in situations where 
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t would have been destroyed if liable to deatruction from either 
of these causes, and I never saw any penetration deeper than 
the aap wood, though deal or other timber close by was com- 
pletely eaten away. This indemnity from destruction is generally 
attributed to its containing large quantities of gum resin. The 
strength and elasticity is about qud to Riga fir. This was ascer- 
tained by a series of experiments on beams, with a bearing of 
twelve feet, conducted by Mr. Manning, Clerk of Works at Fre- 
mantle The weight of the timber makes it inapplicable to 
movable joiners’ work, such as doors or sashes; but this is im- 
material as the white ant, ouly working in the dark, will not 
attack these, unless a building is left unoccupied for a lengthened 
period. I know of no objection to it, except that it is somewhat 
slow to season, and if exposed before seasoned will fly, and cast 
perhaps rather more than other timbers. The plan lately 
adopted in Western Australia to season it was to leave the lo 
in the sea for a few weeks, and then draw them up on the beach, 
and cover them with a few inches of seaweed, taking care to 
prevent the sun getting at their ends. My experience led me to 
the conclusion that logs might lie in this way without injury for 
almost any length of time. Boards were cut 7 inches wide, and 
stacked so as to admit of a free circulation of air for five or 
six months before using.” 

The Consulting Engineer of the Madras Railway says, “the 
wood is well spoken of by our engineers.” The trial has not as yet 
been long enough to enable the qualities of the wood to be 
thoroughly on the Madras railway, but the engineer says, 
in January, “that those placed on the road in July are in good 
*ondition at this date, and form an efficient substitute for teak in 
girder bridges.” Some specimens from Western Australia now 
in the International Exhibition, will supplement these remarks 
n respect of proof of durability, both under sea water and in 
situations where it is liable to attack by the white ant, as there 
we exhibited logs that have been in use as piles, &c. &c., for 
xriods of from twenty to thirty years, without reoeiving the 
slightest injury. 


————Ááp———— 


INSTITUTION OF CIVIL ENGINEERS. 


Tue Council of the Institution of Civil Engineers have awarded 
ne jeune premiums for papers read during the Session 
2:— 


1. A Telford Medal, the Manby Premium in books, and a Stephenson 
Prize of 25 guineas, to Charles A Hartley, M. Inst. C.E., 
for his “ Description of the Delta, and of the works recently exe- 
cuted at the Sulina Mouth of the Danube." 

2. A Telford Medal, and a Miller Prize of 15 guineas, to John Henry 
Muller (of the Hague), for his paper “On Reclaiming Land from 
Seas and Estuaries.” 

3. A Telford Medal, and a Miller Prize of 15 gui 
M. Inst. C.E., for his paper “On the Sea 
Holstein, and on Reclaiming Land from the 

4. A Telford Medal to James Abernethy, M.Inst.C.E., for his ‘ Descri 
tion and Illustrations of the works at the Ports of Swansea, Silloth, 
and Blyth.” 

5. A "Telford Medal, to John Bailey Denton, M. Inst. C.E., for his 
paper ‘‘On the Disc from Underdrainage, and its effect on the 
Arterial Channels and Outfalls of the Country.” 

6. A Watt Medal, to Joseph D'Aguilar Samuda, M. Inst. C.E., for his 

r “On the Form and Materials for Iron-Plated Ships, and the 

. Points requiring attention in their Construction." 

7. A Council Premium of books, to James Brunlees, M. Inst. C.E., for 
his paper on “ Railway Accidenta—their causes and means of pre- 
vention.” 

8. A Council Premium of books, to Captain Douglas Galton, R. E., 
F.R.S., Assoc. Inst. C.E., for his paper on “Railway Accidenta, 
showing the bearing which existing legislation has upon them.” 

9. A Council Premium of books, to Henry Charles Forde, M. Inst. C.E., 
for his paper on ** The Malta and Alexandria Submarine Cable.” 

10. A Council Premium of books, to Charles William Siemens, F.R.S., 
M. Inst. C.E., for his paper “On the Electrical Tests employed 
during the construction of Malta and Alexandria Telegraph, and on 
insulating and protecting Submarine Cables.” 

11. A Council Premium of books, to James Atkinson Longri 
M. Inst. C.E., for his paper on '* The Hooghly and the Mutla.” 

12. A Council Premium of books, to James Oldham, M. Inst. C.E., for 
his paper “On Reclaiming Land from Seas and Estuaries.” 


, to John Paton, 
^ iei of Schleawig and 
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ST. JOHN'S ALTAR, CHURCH OF ST. FRANCIS ASSISSI, 
NOTTING HILL. 
(With an Engraving.) 

Sr. John’s Altar, in the chapel of the Seven Dolors of Our 
Lady, connected with the church of Saint Francis of Assesi, 
Portland-road, Notting-hill, stands between two angle columns, 
and occupies one of the cants occasioned by the chapel bending 
partly round the apse, a necessity in consequence of the irregu- 

ity of the site. The frontal of the altar is of alabaster, 
panelled by cusped arches, and with pediments over, incise and 
marble and glass mosaics filling in the spandrils; also incises of 
black cement decorate the sills, bases, and triangular pieces over 
cape. The first super-altar has a row of incised patere with 
marble centres running the whole length, and returning round 
the sides; the second is crenelated, the spaces between each 
crenelation being filled iu with an incised decoration, with 

rojecting spars in the centre of each flower. A molded ruo 
rame of alabaster filled with a picture forms the reredos. This 
icture is the principal subject, it represents St. John giving 
oly Communion to the Blessed Virgin. The diaper on the gol 
back-ground is an arrangement of eagles with intermediate stars. 
On the right of the Blessed Virgin is the crowned lily, and on 
the left of Saint John the palm. The nimbi are also symbolically 
decorated. The two pictures on gold background in the frontal 
represent Saint John and his type, Daniel; in the former the 
le and palm are introduced, in the latter thelions. These 
paintings were executed by the well-known artist Mr. Westlake, 
and have been treated as purely decorative, consequently kept 
flat in colour, and are outlined with a strong black line. The 
altar, with [its arting and mosaics, was executed by Mr. Earp, 
an 


from the design sketches of Mr. Bentley, architect, of 
Southampton-street. Strand, London. 
a 


THE PRESERVATION OF STONE. 


Iw a former article on the Preservation of Stone we undertook 
to report from time to time any invention or process that might 
be introduced to effect this most desirable object, if based upon 
gas aaa premises. We need hardly say how impossible 
it will be to come to any infallible conclusion as regards this 
matter, without the aid of time; yet we are fully capable of judg- 
ing how far that test of time is worthy of being applied. 

t will be fresh in the memory of most of our readers that in 
our second article on this subject, on analysing the then existing 
methods, we asserted the fact as unquestionably proved, that no 
existing process for the preservation of stone was worthy of 
poi The discussion at the Royal Institute of British 
Architects, though not so plainly ignoring all systems that had 
been submitted to practical testa, went to show that the Institute 
was unwilling to indorse any system as worthy even of further 
trial, and was evidently glad to get rid of a responsibility that 
had been almost imperceptibly placed upon it. The importance 
ofa preserving medium for our public buildings need not be urged, 
when it is known that so experienced a body as the Institute 
handed over the subject to a committee appointed by Government 
to investigate the whole matter, and discover whether & ourative 
did really exist or not. That the investigation, carried forward 
in the most patient and painstaking manner, resulted in the 
negative, will be recollected in a recapitulation of their decision 
as recorded by the leading journal of the day: “That the only 
point placed beyond question is the non-existence of a remedy 
for the evil admitted.” 

In the final clause in the report of the committee, they thus 
counsel our First Commissioner:— In conclusion, the committee 
venture to recommend that the architect of the Palace at West- 
minster, assisted by scientific chemists, should examine and 
record the actual state of the stonework of the building at the 
present moment; that experiments should be made by their 
direction, under various conditions of height, exposure, and 
aspect, with such preservative agents and materiale as the 
chemists may suggest from time to time; and that researches 
should be continued into the effects of the various alkaline 
silicates, phosphates, and other substances which have been 
brought under the notice of the committee, or suggested in 
Germany, France, or elsewhere. That where decay arises from 
damp, means should be taken to protect the stone, as has been 
before suggested. That any stone extensively decayed should be 
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removed and replaced; but that in particular the earliest symp- 
toms of decay should be carefully watehed and examined, with 
the view to the appliention of some immediate remedy. The 
committee believe that a very large portion of the stone in 
the Palace of Westminster is of a very durable nature; and they 
entertain a confident expectation that a remedy will soon be 
found to arrest or control the decay when it has unfortunately 
begun to appear." 

What, then, has been done towards adopting this wise counsel? 
We are compelled to affirm, little or nothing. Certainly, an 
excuse may be urged that important subjects have occupied the 
attention of our First Commissioner, and that the all-engrossing 
International Exhibition has allowed many important matters 
to slip into the shade; but now that the height of all this excite- 
ment has passed, and before we lose the season for such opera- 
tions—which will be virtually to lose the whole year—we would 
call the attention of our First Commissioner to the subject; as 
aleo the attention of those gentlemen wbose past labours render 
them fully conversant with the subject, and able to judge of the 
fitness of recently discovered remedial measures. The desire to 
redeem our pledge in aiding, so far as we may be able, the re- 
searches of these gentlemen, and the development of any process 
based on true principles—such indeed as have been so carefully 
laid down by them—has led to the insertion of this our third 
article on this snbject. 

The first patent specified according to date (since the issue of 
the late Government Report), is that of James Cane Coombe and 
James Wright, and consists in the use of fluo-silicic acid; if 
however the stone to be operated upon contain no lime, magnesia, 
or other alkaliue earth, this is previously incorporated with the 
stone by manipulation, and on tbe addition by brushing or other- 
wiae of the fluo-silicic acid, the fluo-silicate of lime or magnesia 
is formed by the chemical action set up between the substances; 
indeed an effervescence takes place, the carbonic acid is displaced, 
and the more potent agent supposed to be left in its stead. A 
few words only will suffice to show the weak pointa of this pro- 
cess. In order to its effectual operation the acid must first dis- 
integrate the surface of the stone; the theory is, that after this 
breaking up of the old combination, a re-combination of materials 
is immediately formed. We cannot really admit that practice at 
all favours this tbeory. A slow interchange of element might 
result in a harder and more enduring combination, but that such 
a depen as that caused by the acid (the proof of which 
lies in the etfervescence that takes place) can possibly lead to as 
rapid a concretion, is not borne out by theory, or the practical 

: tests which we have applied ourselves or seen applied. Again, 
quoting the words of the specification, “whatever superfluous 
matter remains may be removed by brushing,” thus indicating the 
cause from which the increased porosity of stoue so treated arises; 
and in confirmation of this we quote a question put by Prof. Frank- 
land to one of the scientific men examined before the parlia- 
mentary committee on an analogous process, the use of a silico 
fluoride of aluminium,—* Do you think that this evolution of 
carbonie acid would not tend to render the stone more porous; 
that is to say, would not this evolution of carbonic acid tend to 
keep open the porcs of the stone?’ “ Yes; in a measure I think 
it would.” If all inventors and discoverers were thus alike 
candid in the explanation of the demerits as well as the merits 
of their favourite theory, the labour of critical investigation 
would then be spared. 

The next specification in order of date is that of Mr. Joseph 
Briggs, and will call for little comment from us, the most extra- 
ordinary part of the specification being that it should be described 
as a coating for stone with anything like a claim to novelty of 
application, which exists in as large a degree, we think, as does 
utility in the process. Pitch is liquefied in a cauldron, and to 
this is added lime, and lastly sand or clean grit. The stone to be 
operated upon requires to heated, and in lieu of pitch—tar, 
asphalte, dead oil, or any other similar material may be used. 

ith this, the patentee’s own description, we leave the process in 
the hands of our readers without further comment. 

Mr. Jease Rust claims in his specification the adoption and use 
of fluoride of silica with baryta or magnesia, also in solution. 
This patent received provisional protection only, relinquished, as 
we suppose, because identical with two existing patents, and there- 
fore uutenable except by litigation. We have already stated that 
other patents will embody the whole details of this. 

The next specification is that of F.M. Ransome and E. L. 
Ransome, which runs the gauntlet of the ambiguity of the patent 
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law. The patent is one for the coating and preservation of stone, 
and also for securing to the patentee a novel configuration of 
filter-bed. With the latter we have now nothing to do, and would 
dismiss it with the remark that numberless patents are invalidated 
when proved to be of commercial value by the want of due care 
or prudence in introducing subject matter of two different kinds. 
We retnrn, however, to the treatment of stone. The process in 
this case is one that appears to us devoid of merit. ‘The object 
being so to apply soluble silicate that it may for the most part be 
retained in combination with the pulverised substances on the 
surface of the stone, &c. to which it may be applied, and this 
is effected by the mixture of pulverised substances with it” The 
soluble silicate is theu to be rendered insoluble by the chloride of 
calcium, and the surface of the stone is found, so says the patentee, 
to be better preserved by the addition of this inert pulverised 
matter than when the silicate of soda and calcium alone are used, 
according to the former process of the same patentee, and which 
formed one of the number ignored by the parliamentary committee. 

Again we find ourselves with Messrs. Coombe and Wright, 
who seem to have discovered in their researches the value of that 
extraordinary material, silicate of potash. The whole pith of 
their second patent lies in a few words, as given by themselves 
in the preamble: “ We propose also, in all cases where the stone 
does not contain sufficient potash, to apply a solution of the same 
or ita salts previous to, or even after, using the fluo-silicic acid." 
Hence in the specification they propose to use silicate of potash 
with their former agent fluo-silicic acid. This specification cer- 
tainly leads to the same conclusion as the first, that acid, be it 
strong or weak, is certainly a most unadvisable element to intro- 
duce into the stone; and we cannot but award due acknow- 
ledgment to the tact that leads them to describe the destructive 
effect of the acid upon the stone as a means of cleansing the sur- 
Jace of the stone. The addition of the silicate of potash may add 
to the value of the patent, but we much question whether it does 
not considerably detract from its validity. 

We have now to consider two patents entered at the office on 
the same date, and, strange to say, the patentees employ the very 
same materials; the result of the treatment of these materials 
however being as wide apart in utility as the coincidence was 
strange that fed both patentees to patent the use of the same 
bases on the same day. Mr. W.S. Leek thus describes his claims: 
“My invention consists in using a combination of silica and 
alumina, held together either mechanically or chemically; and in 
order to obtain a fluid matter suitable for application to stone, 
&c., I use gelatine with the aforesaid substances.” Need we add 
more? We think that hearing the word gelatine pronounced 
after silica and alumina is sufficient for most of our readers without 
further comment. 

The competing patentee of this date is Mr. F. S. Barff; and as 
we cannot now afford space to enter into details of this process, 
to do it the justice it demands we must notice it in our next 
number, merely stating here that it has received honourable 
mention from the jury, in Class 2, section A, of the International 
Exhibition, and quoting a paragraph from our contemporary, 

‘*The Chemical News,’ on the subject, adding that we quite 
coincide with the opinions expressed therein; and would recom- 
mend, to those interested in this subject, a consideration of the 
process, which we shall lay before our readers in our next. 

* In 471, Messrs. Bartlett & Co. exhibit soluble silicates, arti- 
ficial stones, and preparations illuatrating their stone preservin 
process. The last is sufficiently iuteresting and novel to deman 
particular notice. All our readers know that, under ordinary 
circumstances, a solution of alumina and potash and a solution of 
silicate of potash when mixed together would give an immediate 
precipitate. Mr. Barff, however, has made the curious discovery 
that there are degrees in strength and of alkalinity at which the 
mixed solutions give no immediate precipitate, but in time dry up 
to a solid, opaque, glassy mass, which is capable of resisting the 
action of hot and cold water, and also of hydrochloric and 
sulphuric acids. There seems to be formed, in fact, a sort of 
artificial felapar, in which all the solid ingredients of the solu- 
tions unite. The method of applying such a solution to a 
building is simple enough; it has only to be pnid on like paint or 
an ordinary wash, and, heavy rain not interfering, it soon dries 
up, and coats the building with a solid, glassy covering, a 
no doubt, of resisting atmospheric influences for any number of 

ears.” 
i The last patent to pan under review is that of Jean B. Hulard 
and Louis G. Poupel, of which we cannot give our readers & 
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better description than in the words of the specification, which 
run thus:—“ This invention relates to an improved process for 
hardening stones and plaster of Paris, and making them imper- 
vious to wet. The same consists in providing the said materials 
with one or more successive coatings of a liquid composition, 
formed of the following ingredients :— 


Avoirdnpois Ib. oz. dwt. 
“Slag from blast furnaces a se Ole 
Borax ... ES ass 0 1 2 
Whitelead  ... S 0 1 12 
Sulphate of alumina ... 0 1 12 
Acetate of lead ; 0 0 14 
Sulphste of zinc E 0 0 14 
Silicate of soda or potash 4 6 9 
Kaolin ges 0 7 1 
Linseed oil 1 J 10j 
Water 2 8 4 


Of this category we can only say that it savours of the one 
so humorously described by Mr. Tite, when the subject was 
under discussion at the Institute of British Architecta; and, con- 
fessing that we have not tried. the conglomeration, we think it 
little more promising than the sanguinary composition just 
alladed to of bullocks’ blood and brickdust flavoured with a little 
of the essence of milk. We had hoped such propositions for the 
purpose in view had an end. 


——— —,5»——— — 


LAYING OUT RAILWAY CURVES. 


TO THE EDITOR OF THE CIVIL BNGINERB AND ARCHITECT'S JOURNAL. 


Sin, —In one of the late numbers of the Civil Engineer and 
Architects Journal I observed that you gave Mr. Rankine the 
credit of being the first to publish the method of laying out the 
curves of rail ways by the angles at tbe circumference. I have been 
under the impression that I was the first to put this method into 
a practical form; and as evidence that I was early in the field, I 
beg to send per book post a copy ofa pamphlet which I published 
on the subject in the year 1847. I first began to lay out curves 
on that system in the year 1840; and found it very advantageous 
when laying out the line of the Great Western Railway through 
the Chalford valley, along steep sidelong ground, in the year 
1843. I am, &c. , 


Carmarthen, July 1862. Rost. Bropiz, M.LC.E. 


[We have long been acquainted with the pamphlet referred to by 
our correspondent, and had a high opinion of its great practical 
value. In our last volume (p. 275, col. 1), we had occasion to make 
favourable reference to it. 

Mr. Brodie’s letter confirms our previous idea that the concep- 
tion of ranging by the angles at the circumference is original so 
far as he is concerned, the method having been practised by him 
in 1840, whereas Prof. Rankine’s paper on the subject was not 
read until the year 1843. The fact appears to be that this elegant 
and expeditious mode of setting out curves has been arrived at 
independently by more than one engineer, and practised by those 
who discovered it for a considerable time before it was written 
orread about. Prof. Rankine, in his‘ Manual of Civil Engineering,’ 
does not claim the credit of invention, but states that he first read 
& paper on the subject in i843. We believe Mr. Brodie's pamphlet 
to have done very mach in making the method generally and 
practically known, and there are many to whom this system of 
ranging will always be associated with his name.—E».] 


—— dip 


THE ROYAL ACADEMY EXHIBITION. 
70 THB EDITOR OF THE CIVIL ENGINEBR AND ARCHITECTS JOURNAL. 

Str,—In a recent article in your Journal upon the Royal 
Academy Exhibition, your reviewer has called attention to an 
alleged resetnblance between the spire of Christ Church, Penton- 
ville (about to be erected under my superintendence) and an 
admirable modern work which is named. In fairness to myself, 
will you have the goodneas to afford me an opportunity of deny- 
ing this. I cannot trace a resemblance, either in plan or eleva- 
tion; and in designing it I had no wish or intention to copy the 
works of others.—I am, &c. 

Epear P. Brock. 
37, Bedford-place, W.C., July 15, 1862. 
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The Eastern Belgian Society—This society is to hold its 
meeting in the second fortnight of 1863. Domestic animals, 
produce, and machines of all sorta are to be exhibited, and the 
display will be similar to that held at Luxemburg in the Boule- 
vard d’Avroi in 1852. £1600 have been raised as contribution 
in the way of subsidy by the state, the province of Liege, and 
the chief town of the latter. Useful is the late order issued by 
the Belgian minister of commerce; and, though they justly claim 
to be ranked next to us in practical work, we can take a leaf out 
of their book, The state telegraphic wires and attending staff 
are put at the gratuitous disposal of the public in case of alarm 
by fire. The railways are bound by law to give free pass to fire- 
men and all materiel neceasary for the extinction of conflagrations ; 
in cases of extreme emergency express trains are to be furnished 
when demanded. 

New Lunatic Asylum for the City of London —On the 29th ult. 
the foundation stone of a pauper lunatic asylum for the City of 
London was laid at Stone, near Dartford. It is to accommodate 
250 patients, and the estimated cost is £50,000. The site consists 
of upwards of 30 acres in a commanding and healthy locality 
between Dartford and Greenhithe, and was purchased for £3300. 
The building ‘will be erected from designs by Mr. Bunning, the 
City architect. All the preparatory arrangements have been made 
under the direction of a special committee appointed by the court 
of Common Council. 

Chemin de Fer du Centre.— Accordiug to the “Independance 
Belge,” the returns of the Chemin-de-fer du Centre, are, May 1861, 
f. 38,668°03; May 1862, f. 37,639:63, which figures prove that 
e present staguation of railway traffic is not partial, in Europe 
at least. 

Ihe Memorial to the Prince Consort.—The Committee of the 
Prince Consort Memorial have just laid before the public an out- 
line of their new scheme, since the idea of a monolith obelisk was 
abandoned. They have, with the aid of several architects, pre- 
pared a report, which, however, cannot be considered final, since 
it leaves much undetermined, but it defines the character of the 
proposed monument, points out a site, and recommends a limited 
and private competition in the selection of the design. The 
West corner of the strip between Rotten Row and the. 
Kensington Rond is the site proposed. It is about half way 
between the site of the Exhibition of 1851 and that of 1862. 
The proximity of this spot to the unoccupied frontage of the 
Commissioners Estate north of the Horticultural Gardens, 
suggested the notion of combining the features of a group of 
statuary and an ornamental building, to be divided by the road, 
and in the same general effect. The result is a proposal to erect 
about opposite to the Coalbrookdale Gates “an architectural 
base for groups of sculpture,” surmounted by a conspicuous 
statue of Prince Albert, and upon the other side of the Kensing- 
ton-road, parallel to the conservatory of the Horticultural Society’s 
Gardens, a large hall for meetings connected with science and 
art. The arguments in favour of this arrangement are thus 
summed up by the Committee :—“ By being placed in the park 
the monument has a national character, while its position in rela- 
tion to the estate sufficiently indicates the connexion which we 
had regarded as an essential part of our general plan. Had the 
monument been placed on the south side of the Kensington-road, 
it would have been so near the hall as to be overpowed by it, 
while by being within the estate it would have lost something of 
its public importance.” . “The hall, besides its special use, 
would, with its corresponding lateral approaches to the Horticul- 
tural Garden, constitute the principal front to the whole estate. 
It would also, on many accounts, be an essential accompaniment 
to the opposite monument, by completing the connexion between 
it and the institutions which now exist, or may hereafter be 
established near it" The nine architects invited to submit 
designs for the double memorial have been reminded that the 
amount of the available fund is an “important condition" The 
desigus and estimates are to be sent in by the 1st of December 
next. Mr. Tite and Mr. Smirke have declined the invitation to 
compete. 

The new Palais de Justice, Brussels.—This edifice is to occupy 
about 23 hectares, or 25,000 square metres. If, on account of the 
height of the building, the exceptional class of material and the 
arahitectiicsl ornamentation be adopted, the cost is estimated at 
500 francs a square metre, or 200 francs more than a private 
house. If the actual space occupied by the useful portion of the 
building, deducting court-yards and spaces not capable of orna- 
ment, the above price will be double, 
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The Drainage of the Fene.—A movement has been made by 
several of the principal landed proprietors interested in lands in 
the upper dietricte drained by the Witham for an improvement 
in the outfall. The scheme embraces a thorough deepening of 
the River Witham ‘from Bardney to Boston, ani a new channel 
at the mouth of the haven. After a long Parliamentary litigation 
the Middle Level Drainage and Navigation Bill has passed the 
committees of both Houses to whom it was referred. The objects of 
the Bill were—first, to separate the Middle Level from the Bedford 
Level Corporation, and to take the funds of the corporation 
arising in the Middle Level and to apply them to Middle Level 
works only; secondly, to abolish the Nene Navigation Commis- 
sion; thirdly, to re the Barrier Banks Act; fourthly, to 
amend the Middle Level Acts in matters of administration and 
detail; and fifthly, to amend the district Acts in the Middle 
Level so as to generalise their provisions and extend the powers 
of district commisioners to the making of roads and facilitating 
their dedication as public highways. The decision come to by 
Parliament will in effect make the Middle Level Commissioners 
sole masters of their own affairs in future. 


The Madeleine, Paris— The Madeleine, although one of the 
modern churches of Paris," says the Siécle, “is now undergoing 
extensive repairs The flight of steps at the northern front has 
suffered so much from the infiltration of the rain water that it is 
found necessary to reconstruct it. The same operation was per- 
formed at the southern front some years ago. Repairs of a still 
more serious character have also been found indispensable. 
Owing to the settling of the foundations, a crack has recently 
made its appearance in the principal front, extending from the 
lintel of the grand portal quite to the top of the inner pediment. 
As frequently happens with large teal pen ‘the construction of 
this church was repeatedly interrupted, and its plans considerably 
modified. No less than 78 years elapsed between the commence- 
ment of the edifice and its completion.” 


——9——— 
CLABSIFIED LIST OF PATENTS SEALED IN JULY, 1802. 


$275 Brooman, R. A.—Manufacture of charcoal — (com.) — December 81, 1861 
785 Todd, B.—Manufacture of antimony—March 17 
338 Mennous, M. A. P.—Treatment of ph pets iro bere 10. 

1353 Johnson, J. H.—Manufacture of soda and potash and their carbonatee—May 6 
114 Timmins, T.—Utllisation of produc s resulting from manufacture of gas—Jan. 15 
189 Roberta, T., Dale, J. M Manufacture of Suida ~January 18 


24% Phillips, G. & G.--Disti'lation and rectification af alcohols or spirits—January 30 
1028 Mertens, G. D.—Brewing—(com.)— april 10 
18 Patrick, W. B.— Manufacture of sugar—January 1 
42 Wilson, D. —Preparíng coffee—January 9 
18 Arundell, J. W.—Treating and dressing ores —(com.)—January 4 
168 Martin, A. J.—Treatment of fusil oll —January 31 
123 T.—Composition for preventing oxidation of metallic surfacee—Jan. 17 
147 Niles E C.—Dyeing 


rs, &c.—January 20 
1350 Johnson, J. H.— Manufacture of red lead (coin)—May 6 


14 Davis, E. Y.—Gas burners- January 1 
37 Warner, A.— Manufacture of gas—January 4 
67 Brooman, R. 4.—Manufao ure of gas and gas barners—(com.)—January 19 
660 Kromschweder, H. H. —Gas meters—March 10 
297 Webster, J. . — Gasfittings— February 4 
210 Fauvel, L.—Method of testing tubing for leakages— February 1 
159 Brooman, R. A. —Road sweeping machines—(com.)—January 21 
$4 Howden, J.—Steam engines and boilers—January 4 
1164 Amos, J. C.— -team pumpe—April 21 
1199 Allen, J. F.—Valve gear —April 24 
1840 Johnson, J. H.—Steam generators—(com.) —May 5 
85 Scott, T.— Steam engines—January 11 
92 Parker, J.—Steam engines, boilers, &c.—January 18 
137 Rowan, J. M.—Steam hammers ~January 17 
288 Joy, D.—Bteam hammers—February 8 
; A. J.—Steam valvea—January 23 
178 Ripley, 4.—Piston—Jan 28 
Mdocktion, E. H. C. —O motive power—January 16 
158 Binas, C.—Generating steam—January 21 
438 Naamyth, J.—Rotary engines—February 19 
146 Rippingalle, E. A.—steam engines—January 80 
83 White, J.—Lubricators—January 11 
816 Heury, M.—Motive power—{com.)—February 6 
44 Shaw, P.—HRailway brakes— January T 
712 Clark, W.—RHailway brakes — (com.)—March 16 
T8 Wigsell, M.—Carriage ventilator—Jan: 10 
135 Stevens, J. J.—Railway point in anuary 18 
145 Jobling. T. W.—Uasv of locomotives in mines--January 20 
498 Newton, W. E.—Jointa or chairs of permanant way (com)—February 24 


59 Siemens, C. W.— Tel hs -January 19 
239 Harby, J. B.— Method of preserving electric cables and wirea— January 29 


68 Cook, H.—Electrical despatch tubes—(o0m.)—January 8 
67 Bradshaw, W.—Watches—January 8 
& Walker, J.—Construction of forta, &c.—January 1 
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89 Gilbert, T.—Swivels for M CHANT 1s 
22 Jeffries, G.—Breech loading firearm MT 2 
149 Doremers, R. O. —Cartridges -January 20 
289 Newton, W. E.—Printing machines —(com.)—Jaauary 39 
165 Gerish, F. W.—Printiug machines —January 23 
494 Partridge, T. — Printing railway ticketa —February 24 
157 Rawlins, J. H.—Manufacture of paper —(com.} —January 21 
235 Clark, W.—Manufacture of paper -(com.)—January 29 
75 Oales, J.—Washing machines— January 10 
1118 Ford, W. J.—<ewing machines—(com. )—April 16 
278 Cook, T.— Machinery for folding envelopes—February 1 
56 Beesemer, H.— Manufacture of maileable iron and steel —J«nuary 8 
1012 Davies, W,—Puddling farnacea—A pril 9 
146 Bird, J.—Crank axle—January 20 
250 Clark, W. — Wrenches—(cum.)—January 30 
159 Warner, F.— Cocks or tape—March 18 
91 toar, T.— rs — January 18 
106 Bousfield, G. T. —Nails and spikes (oom.)—January 21 
180 Tow, W.—Btoves and fireplaces—January 18 
65 Wilson, D.—Hydraulic preases—January 9 
203 Rameson, A.— Hydraulic presses — Jaunary, 25 
164 Roberts, I. —Hydraulic motive engines— January 22 
$18 Bellhouse, E. T. —Hydrostatic presses — February 6 
185 burst, J.—Chains and cablee—January 24 
991 Roullier, C. M. —Manufacture of straps, bands, and chains—February 4 


276 Cook, T.—Punching machine--February 1 


470 Ashton, W. — Machinery employed in the manufacture of braids and similar 
articlea— February 22 
1429 Brierly, J. H.— Clasp or fastener for reversible belts, &c.—January 29 


$39 Walton, W. & F.—Wire cards—January 31 

181 Emmott, T.—Manufacture of velvetes—January 18 

176 Owen, H.— Manufacture of stockings - Januar? 28 

886 Lawton, J. F. & J.—Manufacture of flannel — February 18 
20 Fell, W. A.—Manufactare of bobbins—January 2 


substances for 5) 
1008 Lawaon, J. Balllng 


938 Newton, A. V.—Horse bits— (com.-- April 2 


174 Ropes, W. H.—Machine for coffee cleaning —(com.)—January 28 
209 Orr, W.— Machinery for the manufacture of sugar—January 27 


11 Johnson, R. for ships —January 10 
906 for shipe—January 27 
967 Newton. W. E.—Shipe’ pumps—(com.)—April 4 
1190 Heinke, C. E. — Apparatus for extinguishing fire—A pril 28 
856 W. E.—Apparatus for extinguishing fire (com.)— March 27 
, J. P.—Arming war veasels—December 81 
627 Newton, W. E.—Armour plates — (com.)—March 18 
282 Hill, L.—Applying armour plating to war-shipe—February 8 


146 Lamb. A.—Life boata—January 20 
400 Johnson, J. H.—Machinery for proj ships avd boata (com) - February 14 
1185 Johnson, J. H,—Apparatus for deep sea soundings, and for recoruing the 
speed of ahips (com.)—April 23 
SMS Clark, T. C. Heating apperatus- January 1 
8 rk, T. C.—Heating apparatus — January 
1439 Blake, G. — Heating apparatus—May 18 
11 Rhodes, B.— Man of pipee—Japuary 1 
689 Hughes, E. T.—Farnaces for consuming smoke—(com.)—March 18 
25 Stracey, G.—Manufacture of artificial fuel- January 3 
90 Warlich, F. C. — Manufacture of artificial fuel - January 13 
2 Szerelmey, N. C. —Manufacture of leather cloth—January 1 
141 Barbat, L. — Manufacture of hate—January 20 
644 McLeod. —Hate— March 10 
500 Wordrow, 1.—Manufaciure of hate — February 26 
870 Lublinski, R. —B&/anufacture of umbrelias— 28 
; T. — Manufacture of boots and shoes —May 6 
166 Pace, K.— Venetian blinis—January 22 " 
1288 Newton, A. V.— Manufacture of hollow glass ware (com)—April 26 N 
190 os Get apparatus for closeta, sewers, and other water servKe— 


el 
449 Lee, G. F,—Tourniquete—ocom. — February 20 
94 Brooman, R. A. — Vessels and cases—(com.)—January 13 
1016 Mather, C.—Spittoongs—A pril 9 
8 Brooman, R. 4. —Man of lace scizsors — (com.)—Jannary 1 
184 Clark, W.—Manufactare of artificial flowers—(com.)—January 34 
40 Betjemann, G. & G. W., & J.—Dreesing cases— January 6 
51 Heatb, A.—Ink stands—January 8 
196 Mougin, J. C. F.—Bassinet—January 25 
1432 Jobnson, J. H. Ap tus for cutting turf—May 8 
1505 Briddell, E J.—Artificial marble—May 17 
Mis hon P Eicbu cse Je 
48 Brown, F.— en anuary 6 
60 Smith, J., & We-lstoods—Kitchen range—January 9 
48 Wallis, A., , C.—Rotary screens—January 7 
185 Barlow, H. B.—s3peed indicat rs (com) —January 21 


i . J.R.Jobbina 
ST JOHNS ALTAR, 
IN THE CHURCH OF 8T FRANCIS ASSISI, 
PORTLAND ROAD NOTTING HILL. 
J.F. BENTLEY, ARCH?! 


Sept. 1, 1851) 


THE ALBERT MEMORIAL. 


TuE nature of the proposed monument to the late Prince 
Consort is a subject of great interest, not merely on account of 
the monument itself, but also on account of the general principles 
of art involved in the discussion relating to it. The existing 
monuments erected in public sites in London are so generally 
unsatisfactory, that the consideration of the design of the new 
monument is calculated to stimulate investigation of the causes 
of past failures. Unhappily for the state of art in England, we 
have been too long accustomed to view art as a thing not suscep- 
tible of logical investigation: the trite saying, de gustibus non est 
disputandum, has been adopted as an excu Dr avoiding analysis 
of the intrinsic principles of taste, and with respect to it we have 
submitted to merely dogmaticteaching. Of late years indeed this 
reproach has been to some extent removed, and several earnest 
writers have with more or less precision analysed the principles 
upon which the excellence of architectural design depends, but 
that those principles are not yet completely established is abun- 
dantly evident from the vagueness of the controversy respecting 
the Albert Memorial. The officinl papers relating to the Memo- 
rial avoid in a great measure discussion of those general 
questions which must be disposed of, either tacitly or expressly, 
before the design is adopted; or where general questions of taste 
are referred to in these papers, the language is not the firm aud 
precise expression of incontrovertible propositions. 

We propose here to examine somewhat in detail the more 
important of the papers just referred to. Since the abandonment 
of the design of a monolithic obelisk, the course adopted by the 
Memorial Committee appointed by the Queen appears to have 
been as follows, In May last the Committee invited seven 
architects collectively to give their opinion respecting a suitable 
design for the memorial. In the letter of June 5th the architects 
reported their opinion to the Committee. On the 27th of June 
the Committee made a report to the Queen respecting the 
character and site of the memorial. This report was subsequently 
approved of in a letter addressed by the Queen's command to the 
Committee in July; aud in the same month the Committee issued 
a letter to the architects above mentioned and two others, 
severally inviting each of them to submit designs for the 
memorial. 

The earliest of these documents to which we need refer is the 
letter of theseven architects consulted by the Queen's Committee. 
The Committee, while leaving the architects free to present their 
own opinions, suggested that the Memorial to the Prince Consort 
should be erected in connection with an “ Institution of Arts and 
Sciences," which the architects understood to refer to the South 
Kensington Museum and School of Art. ; 

The architects gave only a doubtful and conditional assent to 
this suggestion. They ask, “ whether the nature and style of the 
memorial could be safely assumed before the plan and desigu of 
the building for the institution had been finally determined;" and 
think it would be more desirable to erect the memorial, not as a 
part of or iu immediate connection with a very expensive edifice 
not yet determined upon, but as an independent monument in 
Hyde Park." 

'Their letter then proceeds to consider the suitability of the 
following kinds of monuments:—{1) an obelisk in several stones, 
(2) a column, (3) à Gothic cross, (4) a large group or groups of 
sculpture, (5) a building; a statue of the Prince Consort being in 
any of these cases the most prominent object. The firat of these 
structures they disapprove of because of its inferiority to a mono- 
lithic obelisk, and because its magnitude would render it more 


important aud conspicuous than the Prince’s statue. To the’ 


second kind of structure they object, that a statue on the summit 
of a column is not in a favourable position for being seen. With 
respect to a Gothic cross the architects do not give an express 
opinion; but in the part of their letter where, according to the 
order of the paragraphs, such an opinion should occar, we have 
the following mysterious passage:— ; 

+“ The objections to an obelisk, a column, or any erection of that descrip- 
tion, apply also to structures in any style of architecture which would 
assume either of those forms.” 

It is possible that our readers may succeed better than we 
have done in apprehending the meaning of this passage. We 
have several times thought we had caught the sense of it, but 
on a fresh perusal have abandoned our interpretation, A column 
is objectionable, we are told: so is an obelisk: so is any erection 
of that description, whatever “that description" may be. The 
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same objections are said to apply also to some other structures 
but the puzzle of the sentence lies in this, that those other struc” 
tures, though obviously referred to as a distinct class, are de- 
scribed as being “in any style,” and “of those forms” already 
mentioned; so that it is hard to see why they are not included 
in the class first spoken of. 

There is no reason bevond that just hinted at for supposing 
that Gothic crosses are alluded to in the sentence quoted. They 
certainly have not the same forms as either obelisks or columns; 
itis possible however that they are regarded as having forms 
“of that description,” though any classification of monuments 
which logically includes obelisks, columns, and crosses in the 
same class, is absolutely inconceivable. 

This ia not merely verbal criticism; our objection to the pas- 
sage quoted is of a much graver kind. The either does 
or does not refer to Gothic crosses. Anording to the former 
supposition, the joint-authora have deliberately omitted to ex- 
press any opinion upon the merit of those structures; and we 
are driven to the conclusion that they were unable to agree upon 
an important point in which they confess that their opinion was 
required. According to the second supposition, they compare 
crosses to obelisks and monumental columns. That is to say, 
they discern a resemblance between Gothic crosses—which must 
at least be allowed to display refined skill in their construction 
and reasonable principles, and great variety in their design— 
with obelisks, almost the simplest of all structures, and only one 
degree removed from the unhewn monumenta of uncivilised 
nations; and monumental columns, which have been previously 
condemned for their absurdity, and are of simple and nearly 
invariable forms. 

With reference to the fourth in their list of monuments, a 
large group or groups of sculpture, the architects consulted ex- 
press an opinion that, “if in bronze this may be a group of 
statues without a building; or if in marble with a building to 
protect them.” 

We have already, in a former paper on this subject, stated our 
reasons for thinking that statues ought not to be erected in the 
open air without buildings to pee them. With respect to 
metal statues, we admit that the necessity of preserving them 
from decay by the protection of a building is less imperative 
than with respect to marble statues. But the msthetic objec- 
tions to unprotected statues apply, whatever be their material. 
There is, in the first place, the incongruity—the indecency and 
disrespect, we may almost say—of suffering the effigies of one 
whom we intend to honour to be exposed to the violence of every 
storm. In the second place, it is a matter of mere observation 
that statuary of every kind is more distinctly seen, and more 
effective in juxtaposition with a niche or other suitable struc- 
ture, than when viewed with no other background than the sky, 
or distant objects. The ineffectiveness of metropolitan monu- 
ments is mainly due to their isolation. Take, for instance, the 
statue of the Duke of Wellington, erected upon the arch near 
Apsley House; seen against the sky, little beyond the bare out- 
line of the statue is distinguishable by a vision not unusually 
acute. The same remark applies, thou 4 somewbat less forcibly, 
to the statues in Trafalgar-square, and other squares in London. 
They look bare, folata, and forlorn. They lack dignity, and 
would lack diguity whatever their intrinsic merits, because they 
appear to have been deemed unworthy of the protection of suit- 
able structures. To adopt an analogy by no means remote, 
a wholly uncovered statue resembles a picture without a frame. 
A valuable picture is placed in a good frame, not merely for pro- 
tection—for that purpose the frame is often nearly useless—but 
because the eye demands that the boundaries of the picture 
should be thus distinctly marked; and because the value attri- 
buted to it is denoted by the costliness and beauty of the frame. 

The last and practically most important subject discussed in 
the letter of the seven architects is “the question of some build- 
ing to be erected with a view to general usefulness" On this 
subject the following observations are made :— 


** [t appears to us that by the generosity of the nation, apart from the 
learned societies, science and art are provided for in the British Museum, 
the museum in Jermyn-street, and the schools at South Kensington. What 
seems to be wanted is some spacious hall and its necessary adjuncts, a8 & 
place for general art meeting; or for such assemblies aa are about to take 

lace in London in connexion with social science and its kindred pursuits. 

e have nothing in London for such an object like the great halla of 
Liverpool Leeds, and Manchester. If these views are well founded, and 
would be received with public or national favour, we see no reason why 


59 


261 


the vacant ground at the back of the Horticultural-gardens, south of the 
Kensington-road, as suggested by the Queen's Committee, should not be 
a fitting site for such a building. Architecturally (and apart from 
general questions of expediency, upon which there doubtless exiata & great 
variety of opinions) nothing could be happier, in our opinion, than to 
occupy the north side of the road with the Prince Consort Memorial, and 
the other side with a grand central hall having approaches to the hall 
iteelf, and as at the present moment to the Horticultural-gardens; thus 
effectually screening from view the back of the Conservatory and the 
unsightly objecta at present existing.” i 


The plan here recommended of associating the monument with 
n “spacious hall" appears not to have been originally projected 
by the seven architects, but to have been partially at least 
suggested to them by the Queen’s Committee. The architects 
allude to doubts as to the expediency of the project, but speak 
confidently as to its architectural merits. Our judgment—and, if 
we inistake not, the judgment of the public—widely differs from 
that arrived at by the architects on the architectural question, 
and by the Queen's Committee on the question of expediency. 

With respect to the architectural question, we cannot agree that 
“nothing could be happier” than to make the monument in fact 
consist of two dissimilar parts separated by a public road. Surely 
oue of the first requisites of a monument is unity. It is intended 
for a single purpose—that of an enduring memorial of the 
deceased prince, and this unity of purpose obviously suggests 
unity of design. The “hall” is intended to be, in fact, one part 
of the memorial, and the monument upon the opposite side of 
Kensington-road auother; but Low can these two parts, separated 
by a busy thoroughfare, appear to be a connected whole? They 
inay appear so in the “sketch plan” which the architects annex 
to their report, but certainly will not appear so to an observer of 
the executed design. The eye and imagination of ordinary spec- 
tators will not be so complacent as to ignore the intervening road 
with its busy traffic, and to regard the two parts of the memorial 
as undivided. 

We have in a previous paper stated our objections to utilitarian 
monuments, <A structure which assumes the double character of 
a monument and a useful building is an attempt to combine dia- 
cordaut elements. The mouuwent—qué monument—is not useful; 
and the useful part of the structure is not monumental. The 
discordance of the monumental and utilitarian characteristics 
way be to some extent evaded by a separation of tbe monument 
from the useful building. But then this difficulty arises—the 
separation is destructive of the necessary unity of the memorial. 
The monument proper will be regarded by itself, and if it be 
deficient in grandeur and beauty, the eye and judgment will 
refuse to eke out its deficiencies by reference to the adjacent 
building. Moreover, there is something repugnant to good taste 
in the endeavour to reconcile the useful and the ornamental—in 
the parsimonious liberality which professes to honour the dead, 
but in reality seeks to serve the living. There remains the ques- 
tion of the utility of the proposed “ spacious hall and ita necessary 
adjuncts.” Of the uses to which they are to be applied we have 
niany accounts, but none of them clear and precise. The seven 
architects refer to one of the uses of the structure “as a place for 
zeueral art meeting.” The expression “art meeting" is not 
English. But let that pass, with the single observation that 
inaccurate language is generally a mark of inaccurate ideas. By 
“art meeting” is presumably intended a meeting for some pur- 
poses relating to the arts— most probably the fine arts. But 
what are those purposes? Is the proposed hall to be a lecture- 
room where papers upon the fiue arts are to be read and dis- 
cussed 1 Surely there are plenty of such places already in London. 
Or is the proposed hall to be a sort of club-room where those 
who are learned, or profess to be learned, in the fine arts may 
aasocinte together—a sort of “house of call,” in fact, for artistic 
gentlemen? Surely the cost of a structure for these strictly 
private parposes ought not to be defrayed by a public subscrip- 
tion. Surely the money collected under the influence of a generous 
public impulse to honour the Prince Consort and console the 
Queen, ought not to be thus diverted to selfish objects. 

Another use of the “hall” to which the architects refer isa 
place for assemblies “in connexion with social science and its 
kindred pursuits.” The answer to the demand for such a place is, 
that such asseniblies can be held in buildings already existing in 
wore convenient situations in London. 

The Queen’s Committee adopted somewhat different descrip- 
tious of the purposes of the proposed hall. According to their 
report to the Queen, the hall is required as “a central point of 
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union where men of science and art could meet; where the result 
of their labours, with a view to the special purposes before 
indicated, could be communicated and discussed, and where 
deputies from affiliated societies thronghout the United Kingdom 
could occasionally confer with the metropolitan authorities.” Oh 
that the writers of official papers coala be compelled to write 
plain English! Ifthe “hall” is meant to be a club-room, why 
have not the Committee the courage to say so? Are they afraid 
that the public would not be enthusiastic in providing for the 
comfort and enjoyment of the “ men of science and art?” Who 
are these “men”? What is their claim on public generosity 1 
What criterion is to be adopted in order to select, from the 
numerous pretentious class who would be willing to rank them- 
selves as * men of science and art,” the smaller number who are 
to enjoy the use of the proposed hall ? 

These questions suggest serious objections to the projected 
institution. Another great objection is, that the institution is 
intended not to supply an existing and recognised want, bnt to 
supply a demand before it arises. Where are the “affiliated 
societies throughout the United Kingdom”? Will it not be 
time enough to provide for their deputies when the societies 
are constitutel, and show a disposition to send deputies ? 
Perhaps the societies will never be constituted. Perhaps the 
deputies inay never come to London, to confer with the persons 
modestly termed “metropolitan authorities.” It is possible that 
the provincial “men of science and art” may have the same sense 
of their own importance that the metropolitan “men” will 
doubtless have, and may decline to be deputed tu confer with 
them, and to acknowledge them as authorities, . 

But suppose all these difficulties surmounted, what are the 
deputies and authorities to confer about? There are ample 
means already existing of publishing new discoveries in science 
and art. The publication of such discoveries is a matter ot 
national importance, and one therefore to the furtherance of 
which, if necessary, public money might if with propriety be 
applied. But the private meetings of “men of scieuce and art” 
—tor purposes, probably, closely connected with coffee-drinking 
and mutual laudation—are not matters of public concern. 

The Queen's Committee have, by a letter dated July 1862, 
invited the seven architects and two others, to send in designs 
for the memorial on the north side of Kensington-road, and the 
proposed buildings on the south side of the road. We are glad 
to observe some expressions in this letter from which it may be 
inferred that the erection of the memorial is to precede that of 
the other proposed structure. The letter refers to ''the fund 
which may be available for the cost of the memorial itself; for 
the proposed straightening uf the public road; for the arrange- 
ment of the area in Hyde-park, with its decorations; and if 
possible for the hall on the south side of the road.” The erection 
of the hall is thus spoken of asan event contingent on the collec- 
tion of funda for the purpose; and the funds already collected 
are, we apprehend, to be applied in the first place to the erection 
of the monument. This course appears to be imposed upon the 
comtnittee by their obligations with respect to the fund of which 
they are trustees. It was subscribed for a monument to Prince 
e not for a hall for the convenience of “men of science 
and art." 


— e 


THE INTERNATIONAL EXHIBITION, 
Railway Plant and Appliances. 


Tur thirty years and upwards siuce railway communication 
has been established have uot been sufficient to determine which 
is the best form for rails, vor the best means of fixing them to 
the rond way, so as to make a level, firm, flat surface, over which 
the locomotive engines and enrriages may pass at high speeds, 
with the least resistance, with the greatest snfety, and with the 
smallest nmount of wear and tear. [n the uncertainty that con- 
tinues on the subject numerous inventions are brought forward, 
eaeh of which professes to possess special advantages, and to 
ensure greater security, and at less cost than the plans generally 
adopted. In the present International Exhibition, as in that of 
1851, there are numerous specimens of rails, chairs, rail fasten- 
ings, railway crossings, and switches, and there are three examples 
of different modes of constructing the permanent way, most of 
wbich are placed in an alley in the western annexe, which few 
persons pass through, and at the back of the locomotive engines. 

Commencing with the examples of railway construction, 1t may 
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be observed that the original plan of laying down rails on the 
suríace of the levelled roadway, by resting them on large rect- 
angular blocks of stone into which the chairs were fastened, has 
been altogether abandoned, as the rigidity of the stone supporta 
produced vibration that was not ouly disagreeable to passengers, 
but was injurious to the rolling stock, as it caused the fastenings 
to give way, and it was at the same time expensive. Wooden 
sleepers embedded in ballast were afterwards substituted for the 
stone blocks, and though apparently not so substantial, they have 
been found to be practically mnch better adapted to the purpose. 
The plans hitherto generally adopted have been to fix the rails 
into “chairs” fastened to the wooden sleepers longitudinally, as 
on the Great Western Railway, or to place the sleepers trans- 
versely to the line, and to fasten the chairs near to each end at 
exactly the aame distance apart. Either of those systems of con- 
struction admits of a variety of form of rails and of the means of 
fastening thém, but in the railway exhibited by Mr. Seaton (1298) 
the wooden sleepers and the rails are specially adapted to each 
other: he calls it the “patent safety saddle rail,” and it is fixed on 
. to longitudinal sleepera of a pyramidal shape, the lower portion 
of the rail beiug forked like a saddle, which fita on to the apex of 


Fig. 1. 


Cogtart’s Costixvovs SuRPACE-SUPPORTED Rall, &c. 


the pyramid, and is fixed to it by bolts directly to the timber. 
The advantages claimed by the inventor for this mode of con- 
structing the permanent way are, that the rail is supported by a 
solid and continuous bearing of timber, having a bearing surface 
on the ballast of seventeen inches in width; that the rail and 
sleeper are less liable to injury from wet, as the sloping sides 
present no surface on which water can rest; that neither chairs, 
keys, spikes, or other separate pieces ure required, the bolts on each 
side keeping the rail perfectly tight in its sent; that it surpasses 
all other systems in economy of construction; and that, owing 
to the absence of chairs or other fastenings likely to be brought 
into contact with the flanges of the wheels, and to the perfect 
mode of joining of the rails by an under saddle-plate, there is 
much less liability to accidents. These are no doubt important 
considerations, and Mr. Seaton’s system of construction seems 
theoretically to possess much merit. One objection to the plan, 
which forces itself to notice, on looking at the pyramidal sleepers 
and the mode of fastening the rails to them, is, that the grasp of 
the saddle on the timber does not seem eufficienfly long for 
adequate strength of resistance, and the bolts being numerous 
would weaken the sleepers. This system of forming the per- 
manent way has, however, been experimentally tried on several 
railways with good results, and a portion of the Great Western 
Railway, near Kensal Green, is referred to as affording a favour- 
able example of its durability, after a trial of three years. 
Another plan of constructing the permament way without 
sleepers or chairs is exhibited by Mr. H. L. Corlett (1244), and 
is illustrated in the annexed engravings (Fig. 1.) It is called by the 
inventor, a Continuous Surface-supported Railway, entirely of 
iron, the rails being cast with brond flanges, which rest upon the 
levelled ballast, and they are bolted together so as to “ break- 
joint.” The advantages claimed for this system are, durability 
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of structure, improved drainage, a secure and level surface, and 
facility of executing repairs, combined with economy of construc- 
tion. Nothing but practical experience can prove that this 
system possesses these advantages, for it seems very questionable 
whether a ballast support alone would be sufficient until it wae 
well consolidated, and even then the rigidity of the benrin 
might occasion unpleasant if not iujurious vibration. This kin 
of rail is laid down in the western aunexe. In the same wood- 
cut are included illustrations of joint-chairs and cellular brackets, 
bolted longitudinally at each side of a double T rail, also ex- 
hibited by Mr. Corlett. 

Messrs. Edington and Sons, of Glasgow, exhibit specimens 
of iron-surface sleepers, with chairs cast in the same piece, 
which in the principle of tbeir action seems to be a return 
to the original plan of fixing the rails to stone blocks. These 
sleepers have large circular hollow bases intended to be imbedded 
in the ballast, and there are niches in them for the reception of 
transverse iron bars that regulate the guage. As the chairs form 
part of the sleepers there is no difficulty about their fastenings. 
This plan has been adopted on the Egyptian, Indian, and other 
railways, and itis stated with considerable advantage. Thereisa 


Tov CUsHIUNED 
RAILWAT Crairs. 


degree of elasticity in this kind of sleeper that may be sufficient 
to remove the objection attending the solid blocks of stone. 
Similar kinds of sleepers are exhibited by Messrs. Simons and Co. 
of Renfrew. 

There is exhibited a great variety of rails and chairs and 
methods of joining and fastening rails. Several contrivances 
are shown for fastening the double T rail in such a manner as to 
protect the under surface from abrasion, so that when it is turned 
it may serve the purpose of a new rail. The plans adopted are 
either to fasten the rail to the chair by its side and'upper shoulder, 
without allowing the lower end to rest on the chair, or to form a 
bed whereon the lower end may rest uninjured. The chair 
iuvented by Mr. Ramsbottom, the locomotive superintendent at 
Crewe, and exhibited by the London and North-western Railway 
Company, is of the former kind. The rails are held by the sidea 
and shoulders by wrought-iron keys, and are not in contact with 
the bottom of the chairs, which are made of wrought-iron, with a 
very broad base to prevent them from being pressed into the 
sleepers. 

Au example of the other plan of protecting the under head of the 
rail isexhibited by Mr. Truss, of Gracechurch-street (1305 in the 
eastern annexe) and is shown in the accompanying wood-cut, 
Figs. 2aud 3. A space at the lower part of the chair(A) is filled 
with a prepared woollen packing (C), and on it is placed the wood- 
seating (E), the rail (B) being fixed on the chair by a wood key (D), 
in the usual manner. 

A more ingenious contrivance is the one exhibited by 
Mr. F. Wise, of Buckingham-street, Adelphi (1309), iuvented bv 
Mr. Ramié. It is a self-acting chair, which secures the rail 
without any wedge or key, the weight of the engine and carriages 
serving to hold it tighter at the time when greater steadiness is 
required. The accompanying elevation and section, Figs. 4and 5, 
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show how the effect is produced. The chair consists of three parts. 

The main casting a, is fastened to the sleeper in the usual manner, 

and it is formed with curved abutments å, b, upon which the loose 

“tumble” jaws c,c, that hold the rail d, rest. The weight of the rail 

upon the lower part of the movable jaws, which are not attached 
Fio. 4. 


d m EAMUS... 
Raus RaiLwar Caatx.—Elevation. 
iu any way to the chair, causes the upper parts to close against 
the aides of the rail sufficiently to hold it securely in poeition, 
and the grip of the jaws is greatly increased when a train passes 
over the rail. It is stated that “ several years’ experience of the 
working of this chair under the heaviest traffic shows that it acts 
in the most perfect manner, and never allows chattering to occur 
between itself and the rail.” One of the advantages claimed for 
this invention is, that it affords the greatest possible facility for 
placing, reversing, and removing the rail. This facility is indeed 
almost too great, for it would present the opportunity of doing 
wilful or wanton mischief by removing a rail at any part of the 
line without difficulty. Another objection to which this mode 
of fastening the rails is exposed is, that tbe constant yielding of 
the snrface of the rail under traffic would increase the draught. 
This is an objection which may be urged against all yielding 
surfaces, for the effect is practically the same as if the wheels 
were ascending an incline. 


ordinary chairs this etfect must to some extent be produced, and 

experience aloue can decide to what degree such yielding of the 

surface is advantageous or otherwise, so as to obviate on the one 
Fio. 5. 
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Raxiz's Raitwar CHA1x.—Section. 


hand the inconvenience of extreme rigidity, and on the other 
hand to prevent the loas of power caused by continually drag- 
ging thetrain out ofthe hollows made by ita weight on a yielding 
railway. 

The spring-clip fish-joint of Mr. Dering, of Lockleys, Herta, 
(1246), is liable to the same objection as the two last-mentioned 
chairs, but in other respects it seems well adapted for the purpose. 
A strong spring of the shape shown in section in the accompany- 
ing wood-cut (Figs. 6, 7, 8) clasps the two ends of the rails tightly 
together without any fastening. By means of this joint, it is stated 
by the patentee, that safety, simplicity, and economy are attained 
by the absence of bolts, nuts, &c., one piece of metal taking the 
place of ten or fourteen separate parts, and, being self-acting, it 
requires no attention, for any wear or loosening that may occur is 
immediately remedied by the tendency of the spring to collapse. 
The length of the spring-clasp is about twelve inches. Fig. 6 
is a section of the spring clip when not expanded by the rails; 
Fig. 7 is a section at the junction of the i and Fig. 8 is an 
end view of the clip. 

Mr. Dering also exhibita rails joined by brazing, which plan, if 
not objectionable in practice, would effectually supersede the 
necessity of any mechanical joint whatever. A pair of rails joined 
together by brazing are exhibited, which were taken out of the 
Great Northern Railway after having been laid down four years, 
and though the whole traffic of the line passed over them during 
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that time, the junctions are as sound as when first made. It is 
stated that when tested by sledge-hauimering the rails break 
before the brazed joint yields. Honourable mention was awarded 
to Mr. Dering “for his tempered steel keys and trenails.” 

Messrs. Ransomes and Sims of Ipswich exhibit keys and trenails 
composed of strongly compressed wood previously dessicated. 
These keys cannot shrink, and when driven tight between the 
chairs and the rails retain their hold firmly, for the fibres of the 
wood become expanded by moisture and fill up all interstices and 
produce a constant pressure. They have been adopted with 
advantage in laying the Indian railways; and the permanent way 
of the Great Northern Railway is alao laid with these compressed 
keys and trenails, to which circumstance the patentees ascribe 
the speed and comfort attained on that liue. 

The Anderson Foundry Company at Glasgow exhibit a peculiar 
mode of fastening the rails to the chairs by a steel spring, agaiust 
which an iron key is driven-(1229). By the elasticity of the 
spring a strong pressure is maintained on the key, and the rail is 
thus held firmly in its place in all weathers. A great variety of 
chairs and joints and modes of fastening are exhibited by Mr. E. 
Morris, Albert-square, Clapham-road (1275) and by the Per- 
manent Way Company, Great George-street (1288), but there is 
nothing remarkable in their construction that deserves to be 


particularly noticed. 
Fie. 6. 
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Of rails and switches and crossings there are many examples. 
The Iaca Foundry Company, Newport, Monmouthshire, among 
numerous other objects connected with the formation of the 
permament way, exhibit (1262) a welded steel crossing made with 
the Bessemer steel, the V part of which is perfectly welded 
together from the point to the intersection of the rails. The 
principal advantage of these crossings is their durability and 
economy, for it is stated that they will last longer than five or 
six of those made of iron, while the original cost is not more than 
50 per cent. greater. The Bessemer welded steel possesses also 
the advantage over solid cast-iron or steel, that it can be altered 
and set to suit the lead of the rails, which the others cannot. The 
same company also exhibit specimens of Bessemer caat-steel 
switches. This kind of steel, which combines with the hardness 
of steel the malleability of iron, is becoming more and more exten- 
sively used; and it appears to possess qualities that render it 
peculiarly applicable to railway locomotion, whether in the con- 
struction of the tires of the wheels, the axles of engines and 
carriages, or in making those parts of the permanent way that 
are most exposed to wear. Honourable mention was awarded to 
the Isca Foundry Company for “Switches and crossings of 
Bessemer steel.” 

A frequent cause of railway accidents is the fracture of the 
wheels or tirea of the locomotives and carriages, owing to the 
heavy weights and the severe strains that they have to bear; and 
much ingeuuity has been exerted to produce a sound wheel with 
a solid firmiy fixed tire. The method formerly adopted of secur- 
ing the tires to the wheels by rivets has been so severely con- 
demned by Capt. Tyler and Col. Yolland, the government in- 
specting officers of the railway department, that it is to be hoped 
that plan has been abandoned in recent practice; and there is 
only one indication of adbesion to it in the present Exhibition. 
All the tires exhibited are formed in a solid ring intended to be 
shrunk on the wheel, and in some cases the wheel and tire form 
together an united solid disc. Many of the exhibitors pride 
themselves on the quality of the iron of which their tires are 
composed; and there are several specimens, particularly in the 
eastern annexe, of tires that have been twisted and contorted 
when the iron was cold, for the purpose of showing ita toughness 
and pliability. There are also several specimens of steel tires, of 
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great size and thickness; and there are others again made with 
iron and faced with steel, of which there is a good example 
exhibited by Messrs. Brown & Co. (1240), in the eastern annexe, 
together with a strangely contorted iron tire, cold hammered. A 
medal was awarded to this firm “for a good process of making 
solid wrought-iron tires.” 

The subjoined wood-cut is an illustration of the railway wheels 
and tire fastenera exhibited by Mesars. Dixon and Clayton of 
Bradford (1247), and also placed in the eastern annexe. Nos. 
land 3 are edge views, and 2 is a flat view of a bar of iron 
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numerous in the present Exhibition as in 1851, but there is 
nevertheless a considerable display of such contrivances. The 
difficulty ia not so great to invent the means of preventing acci- 
denta, as it is to induce railway directors to apply them, though 
it might be supposed, after the heavy damages which most com- 
panies have had to pay for injuries to passengers on their lines, 
that economical considerations alone, if no higher motive, would 
have urged them to adopt with eagerness any means whereby 
accidents might be avoided, or their destructive effects be dimi- 
nished. With respectto breaks, there is something more to be 


Fig. 9. 


Dixow Aw» Chartos’s WHEBLS AND Ties FASTENINGS. 


for making the spokes. Nos. 4, 5, and 6 represent spokes to 
form the solid wroughtiron wheel; the cramp fastening is 
shown in No.7, which may be continuous, as at B, No. 8, with 
the tire and rim set down all round, or at intervals, as at C C. 
The letters E E indicate grooves in the cdge of the wheel to 
receive the cramp fastener. 

In the wheels and tires exhibited by Mr. Owen, of Rotherham 
(1285), the wheels are of solid wrought-iron, made in one piece 
under & powerful steam-hammer, by which means such perfect 
solidity is attained that it is stated by the manufacturers no 
trace of welding can be perceived on cutting the wheels to pieces 
inalathe. The recommendations the tires are said to possess 
are, that each one is made from a solid mass into a circular 
form, so that no alteration of structure takes place by bending. 
The whole surface of the tire is hammered when at a welding 
heat, and the tires are afterwards heated and rolled into a per- 
fectly true ring. The usual processes of turning and boring are 
thus avoided, and the external skin of the iron is preserved for 
wear. 

In the south side of the eastern transept of the building there 
are several fine specimens of railway wheels and tires, made 
from steel. In the Sheffield “trophy,” of Messrs. Nayler, Vickers 
& Co., they exhibit solid cast-steel driving-wheels, some of them 
6 feet diameter, and railway disc wheels cast solid with the tires, 
and having wrought-steel axles. In an adjoining “trophy,” con- 
taining a large display of various articles made from Bessemer 
steel, there are railway tires, of different sizes as cast in the 
rough, and as finished. 

There are specimens, in the eastern annexe, of wheels of various 
kinds, fitted, with Beattie's tire fastening, which was strongly 
recommended by Capt. Tyler in his report on railway accidents, 
in 1861; and of which a description, with illustrations. was given 
in the July number of this Journal last year. Most of them are 
exhibited by Messrs. Lloyds, Fosters & Co., of Wedneabury (1268), 
to whom honourable mention was awarded “for wheels, axles, aud 
tires,” and who exhibit also apecimens of tires made by themselves 
and a turntable supported on iron balls that roll round in a circular 
groote: In an open area in the same part of the building, the 

onkland Iron Company exhibit a mouster tire, 12 feet in 
diameter, and weighing 2000 lbs., made from rolled iron. A 
great variety of other specimens of railway wheels and tires are 
also placed in the eastern annexe, some of fins being in Class V., 
and a large number in Class I., among mineral producta, In 
both classes are to be seen remarkably fine specimens of fibrous 
iron, and of steel. 

_ The inventions for the prevention of accidents on railways, 
including improved breaks, buffers and signals, are not so 


considered in tbe priuciple of their construction than the stopping 
ofa railway train when in rapid motion within the shortest 
possible space. A break that would bring a train to rest within 
Sixty yards (as one exhibitor boasts that his buffer would do) 
would produce such a sudden shock as to nearly equal the effect 
of a collision with an obstacle on the line. The object to be 
attained is to diminish the speed gradually, and at the same time 
as quickly as is possible, without inconvenience to the passengers, 
and without injury to the rails or to the wheels. The ordinary 
break, which merely stops the rotary motion of the wheels, and 
produces its retarding effect by the friction of a small part of the 
tire against the rails, is a rude and ineffective means of stopping 
a train, and it tends to injare the rails and to break or weaken 
the tires. It seems strange that a plan which has long since 
been abandoned on common roads to check the motion of car- 
riages on descending hills, should have been retained for stopping 
a train of carriages moving with great velocity with much heavier 
loads, and on roadways that especially require to be maintained 
in a sound and level condition. Many plans have been proposed 
for improving this rude mode of retarding the motion of a rail- 
way train, the most effective of which appears to be to increase 
the bearing surface on the rails by bringing breaks to act inde- 
pendently on their upper surfaces. Such a contrivance was shown 
in 1851, and a similar one is now exhibited by Mr. Wright, in what 
he terms the * bed-plate iron safety railway" (1312), which com- 
prises other arrangements for the avoidance of accidents, in addi- 
tion to the method of retarding the motion of a train by the 
application of a flat bearing surface on the rails. To carry out 
Mr. Wrights system entirely extra rails would be required out- 
side the ordinary ones, for the purpose of bearing the break, and 
also to prevent a train from running off the line when passing 
rapidly over curves. This part of the plan would, however, 
entail so much expense, that there is little hope of ita being 
adopted by railway directors; and even the inventor seems to 
limit his expectation of its being used to sharp curves. In 
another form of break, exhibited by Messrs. T. Dunn and Co., 
(1248), there is a contrivance for clasping hold of each side of the 
rails; but there are great objections both in principle and in 
practice to such a plan. To bring such a break into action would 
require the railsto be well raised above the chairs, and quite free 
from the ballast ; and if the grasp on the rails were effective, the 
impetus of a train in rapid motion would tear them up. It is 
impracticable to retard the motion of a train by friction other- 
wise than by perpendicular bearing on the surface of the rails. 
Of the other breaks in the Exhibition there are not any that 
deserve special notice, for the principles of action in them all ia 
the same as that generally practised, the variations in each case 
69 
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TE chiefly in the different modes adopted for blocking the 
wheels. 

Of buffers there are various kinds, made with steel springs, 
and with vulcanised india-rubber, and in some instances with a 
combination of the two, for which the exhibitors claim special 
advantages, it being their object to combine strength with light- 
ness and power of reaistance within a small space. The object 
of attaining greater resisting power within a limited range of 
action, which seems to be aimed at by the constructors of buffing 
apparatus, may be considered a very questionable advantage, for 
the shorter the time of action the greater must be the shock of 
sudden contact, which it is their purpose to diminish. In most 
cases of violent collision on railways the buffers, as ordinarily 
constructed, are of little use, because they are not properly formed 
at the ends to take into one another, aud they are frequently 
placed at different levels. The consequence is, that instead of 
acting horizontally, and bringing the carriages to rest, after 
diminishing the shock, the ends of the buffers slide over each 
other, and tend to throw the carriages off the line, or to lift them 
npou one another or on to the engine, and thus aggravate the 
effects of such accidents. 

The accompanying woodcut, Fig. 10, represents a section of Mr. 
Allan’s compound buffer (1228), which issaid to possess the property 
of increased resistance in an eminent degree. For the purpose of 
showing its action, the buffer is illustrated with ita plunger at 

Fie. 10. 


ALLAN'S Coxrovsp Buyrka. 

half-strcke, the dotted lines showing the position when at rest. 
It will be seen that while the spring A acts between the bottom 
of the qiue D and the inner end of tlie plunger C, the other 
spring B acts between the front of the plunger and the washer E 
fixed on the pillar F. By this means there is compound action, 
and the two springs produce an amount of resistance double that of 
an ordinary buffer. 

_ Another construction of buffer is shown in the annexed illustra- 
tion, Fig. 11, which represents in section the contrivance of Messrs. 
Spencer and Corlett (1244). The principal advantage of this buffer 
is that the plunger is without a central bolt, and is retained within 
the cylinder by projectious which prevent it from falling out, 
whereby it is asserted that additional strength and diminished 
friction are attained. An important improvement in the con- 

Pio. 11. 


Srascan and ConLrrt's Burren. 
struction of buffers introduced since 1851 is, making the cylinders 
of wrought-iron, by which means they are lighter and stronger than 


when made of cast-iron. The volute spring, for the contrivance 
of which Messrs. Spencer & Sons, of Newcastle-on-Tyne, obtained 
a prize medal in 1851, has since undergone improvement by 
them; e. it is employed in its improved form in the buffers 
exhibited. 
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The want of some means of communication between the engine 
driver and the guard and passengers bas been experienced from 
the very commencement of railway travelling, yet upwards of 
thirty years have elapsed without the adoption of any effectual 
plan to'supply that requirement, notwithstanding the many 
serious and even fatal occurrences that have taken place to prove 
the necessity of some such means of communicating. As in the case 
of railway breaks it is not from the lack ot inventive ingenuity 
to contrive signals for the purpose that passengers and guard and 
driver cannot give notice to each other of danger to themselves 
or to the train, for many contrivances to effect that object have 
been invented and might be introduced at little expense, but the 
difficulty to induce railway directors to depart from the ordinary 
routine, or to adopt any plan that threatens to give additional 
trouble, has not yet been overcome by the many remonstrancea 
made by the public. It is essential, in all plans of making sig- 
nals by mechanical means to the driver or guard, that there 
Should be a continuous connection from carriage to carriage, but 
the time required to hook together cords or rods on the top of 
each carriage would be so very trifling as to be not worth con- 
sideration; nevertheless the reluctance to move in the matter is 
80 great, that we believe nothing short of a legislative enactment, 
or the occurrence of some very serious calamity from the want 
of such means of communication, will induce the directors to 
take measures to establish it on all the traius. There are several 
eontrivances now exhibited, any one of which might be applied 
without difficulty. When the object is confined to making sig- 
nals between the driver and the guard, a cord or movable rod 
attached to each carriage, with loose ends for the purpose of 
coupling, and with a bell at each end of the train, would be 
sutlicient for the purpose. This simple plan, judging from the 
drawings and apparatus exhibited by Messrs. Chattaway (1294), 
has been adored on the Bombay and Central India railway. If 
the guard and driver had the means of striking a bell at each 
end of the train, a code of signals might be easily arranged so as 
to enable them to make all necessary communications. 

When it is intended to establish communications between the 
passengers and the guard, as well as between the latter and the 
engine-driver, a more complicated arrangement would be required. 
A model of a contrivance of this kind is exhibited by Mr. J. 
Davidson, of Leek (1245), and of which the accompanying engrav- 
ing, Fig.12, presentsan illustration. There are movable rods in the 
top of each carriage, which are connnected together by the coup- 
lings 3, 3. The communication is made by bells, that of the 
engine-driver being marked 1; 2, 2, are the handles by which the 
signals are to be worked. The node by which passengers are 
enabled to work the signal is not shown in the engraving, but 
when the bell is rung by any passenger, an alarm slide, marked 
4, projects from his coinpartment, to indicate to the guard where 
attention is required, and it is so contrived that when forced out 
it cannot be replaced until the guard has unlocked it. It will be 
observed that the couplings being jointed, they would adjust 
themselves readily to the variable movements of the carriagea 
when in motion. 

An ingenious mode of making verbal communications on rail- 
way trains is exhibited by Mr. Kingston, of Upper Stamford- 
street (1263), and has been favourably noticed by Col. Yollaud, 
one of the railway inspectors of the Board of Trade. A vulcanised 
india-rubber tube is attached to the top of each carriage, and the 
tubing of the separate carriages is connected together by means 
of hollow ball-and-socket joints, for which purpose the ends of 
the tube in each carriage projects, and to those portions of the 
tube coiled springs are attached. By this means the ball and 
socket are readily connected, aud being forced together by the 
springs they would maintain their positions, notwithstanding the 
wriggling motion of the carriages. So far as regards making a 
communication between the guard and driver, we conceive that 
the simplest and most easily applicable means would be by sound, 
either by a compressed air whistle or by explosive signals. This 
pia would be independent of all mechanical connections, there- 

ore it would not be liable to the objections raised against the 
modes of communicating which are exhibited; and a code vf 
signals might be vontrived to answer all required purposes. 

Of road and station signals, to indicate to the engine-drivers 
whether the line is clear or obstructed, the one exhibited by 
Messrs. Stevens and Son, of Southwark (1302) appears to be a 
considerable improvement on the semaphores usually employed. 
The pillar and the signal-arms are made of open iron-work on ^ 
strong cast-iron base; and as there is but a small surface com- 
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paratively presented to the action of the wind, it can withstand 
the force of violent gales, and it is also less liable to decay than 
timber pillars. The signals are worked by rods connected with 
handles near the base; and the semaphore is adapted to be used 
by day or night, and for up and down lines. Honourable mention 
was awarded to this firm br their “ semaphore signals.” 
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manner are liable to get out of order, but such a defect can be 
readily detected and remedied; and they are far better than self- 
actiug time siguals, which adjust themselves after the lapse of a 
given time, for in case of a break-down, or of unexpected retar- 
dation, the train may be close a-head, though the semaphore 
might indicate that the line was clear. 

12, 
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The model of a self-acting railway signal, iutended for tunnels 
and sharp curves, exhibited by Capt. Stafford, of St. Jamea’s- 
equare (1303), is well adapted to answer the purpose of warning 
the driver of a closely following train when the line is obstructed. 
The engine on entering a tunnel brings the danger signal into a 
conspicuous position, and on leaving the tunnel the signal is 
lowered by a connecting wire that is pulled by a projection acted 
on by the train. Signals that operate by direct action in this 


In the foregoing survey of the railway appliances exhibited, it 
is very probable that we may have omitted to notice some that 
deserve attention, for many of the objects are distributed in so 
incongruous a manner in various parts of the building, that it is 
difficult to find them out. We have purposely omitted to men- 
tion the foreign contributions relating to locomotion on railways, 
of which there is a large and highly creditable display, reserving 
the consideration of them for another occasion. 
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KING RICHARD'S HOUSE, AT LEICESTER. 
By Mr. Gopparp. ` 


Among the Architectural relics of Leicester now no more, was 
slandiug some years ago an old building which was popularly 
ealled * King Richard's House" It was known to have been 
part of the Old Blue Boar; as at the commencement of the last 
century it was used as an inn, aud known by that sign, though 
origos] it bore the name of the “ White Boar,” the cognisance 
of King Richard III., but after his defeat thiasign was torn down 
by the iufuriated populace, and the owner or landlord compelled 
to ehange its title. Popular traditiou has always identified the 
building with theill-fated monarch, aud the inquiries of our local 
autiquaries confirm the tradition. It was taken down in the 
month of March 1836; but fortunately, before its destruction, a 
drawing was made of the front by the late Mr. Flower, and that 
has been copied in many shapes in architectural works and vari- 
ous publications with which the reading publicare familiar. I 
aluo visited the spot before the demolition was effected, and tock 
the dimensions of every portion of the building, for the purpose 
of making a correct drawing of it, representing it as complete 
as when first erected. The results I have much pleasure in 
laying before the Archeological Congress. 

The part of the original structure then remaining had appa- 
rently been one wing of the inn, as it stood when first built. It 
was of two stories. The front was about 25 feet wide and 37 feet 
high to the apex of the gable. It was a half-timbered house, of 
oak, the interstices filled in with plaster. The foundations to a 
certain height above the level of the ground were composed of 
stone and brick. The lower story was one large room about 
forty-one feet long and twenty-four feet wide within. The 
external part in front was covered over in great part with a 
brick wall, on the removal of which the original timbers of the 
windows were exposed. There were two wide windows of three 
lights each, divided by wooden uprights forming the framework, 
coved on the front i i and grooved to receive the lead lights. 
‘These timbers were placed upon blocks of granite, to prevent the 
damp from rising and decaying them, and were as perfect as when 
first erected. There waa originally no doorway, although in the 
drawing by Mr. Flower one is represented; but this was cut out. 
of tlie woodwork to allow admission to the interior, then used as 
a wool-room. In this apartment were traces of an original win- 
dow of four lights (of similar character to that already described), 
in the south wall near the western extremity, looking in the rear 
of what I suppose was once the main building. In addition to the 
window there was a door near to it, which had evidently commu- 


* Paper read at the Congress of the British Archaeological Association, at Leicester, 
e the th ult, G - ids á 


nicated with a corridor or passage in the rear of the main 
building. On the north side of the lower story was a fire-place, 
having stone jambs moulded, and a moulded projection over the 
mantel. The second floor overhung the lower story, the ends ot 
the floor timbers being shown, and the principal ones supported 
by brackets. The beam lying over these ends was moulded and 
embattled, as seen in the drawing. The principal feature was 
however a projecting window of five lights, with moulded mullions 
and tracery of the Perpendicular period. This window was 
supported by brackets. 

Above this was a second projection, with an embattled tie- 
beam and moulding, to sustain a gable, having an ornamental 
barge-board, cusped and otherwise sunk and moulded. In the 
interior the second story was much like the lower one. The floor 
was of brick. It had a fireplace similar to the one below, with 
the exception that it had three courses of brickwork between the 
plinth of the stone jambs and the floor, which was no doubt 
intended to act as a hearth or fender to protect the floor timber 
from fire. 

The roof was open to the ridge, the construction of it bein 
still visible. The whole of the timbers were framed and praed 
together with oak pins. Not a nail, nor piece of iron of any 
description, was used in connection with the building, but the 
timbers were framed and scarfed together in the most ingenious 
manner. All the principal beamsand other parts were decorated 
with painted scroll-work in black, red, and yellow, and of simple 
design. Iu addition to the window looking upon the street, 
there was another like that in the lower story already described. 
The entrance was by a door entering from a gallery also, like 
that below. The door was of a rude description, ledged, and 
composed of three boards, cleft, not planed, lapping one over the 
other, and was fastened by a wooden latch, moved through a 
finger-hole cut in the door, and by a bolt of wood below the 
latch. The roof was covered with strong Swithland slates. 

Having described what actually remained, I now venture to 
conjecture what was the main plan of the entire building, as it 
appeared to the inhabitants when Richard the Third took up his 
lodging in it, as the principal hostelry in Leicester. 

It seems to me that the structure had two wings and a centre; 
the building I have spoken of being the northern wing. The 
centre probably receded from the street four or five yards. In 
the middle was perhaps another gable, with wide gateway below, 
admitting to the rear of the premises and to the passages behind 
the front rooms. 

This supposition is at variance with the picture, but as the 


latter was drawn to shcw the buildinga which surrounded it when 
the drawing was taken, and not as they presented themselves 
originally, it must be so regarded. Like the old inns in the 
metropolis, the Blue Boar had probaly open galleries behind 
approached by outside staircases, and communicating with the 
several chambers. 

As the principal apartments were in the wings, and they were 
spacious, there is no reason why the upper room of the northern 
wing was not the sleeping room allotted to distinguished travel- 
lers, and therefore to Richard the Third when he slept in 
Leicester. 

The paper was illustrated by a coloured drawing of the old 
Blue Boar, and a conjectural grouud-plan of the entire fabric. 
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PIERS FOR RAILWAY BRIDGES IN 
ALLUVIAL DISTRICTS. 
(With an Engraving.) 

Conspicuous among the British Engineering Models at the 
International Exhibition may be observed Colonel J. P. Ken- 
nedy's models and drawings (2307, Class 10), illustrating “the 
Finance of Railways and other public works" Of these the 
most copious and important subject relates to the construction 
and erection of iron piers and superstructures for railway and 
other bridges and viaducts in alluvial districte. The results 
are derived from the system which he has adopted on the Bombay 
and Baroda Railway. That system has been already noticed in thin 
Journal (vol. xxiv: p. 251), to which we beg to refer our readers. 
It is well adapted to the requirements of the colonies, in conse- 
quence of its economy in first cost, facility of transit in lon 
voyages and of erection in situations where the supply of skill 
labour and mechanical appliances are very limited. 

The practice held forth is based upon the erection of 95 
bridges across rapid rivers, most of them tidal, and flowing upon 
alluvial beds; the aggregate length of bridgework being about 
6} wiles. The length of line conceded for construction was 
313 miles, of which about two-thirds are finished, and the balance 
is on the eve of completion. The financial powers of this line 
may be estimated from the unprecedented fret that single en- 
gines, four wheels coupled, have hauled along its entire length, 
and in each direction, trains of 72 carriages conveying 4000 pas- 
sengers at the regulated speed of 20 miles an hour. Colonel 
Kennedy, from the outset of his operations, has aimed at 
securing low fares for his passengers, with high dividends for his 
shareholders. He expects that the cost of the line shall not 
exceed £11,000 per mile, notwithstanding its difficult character 
and the antagonism with which he has had to deal. 

The extent of country to be supplied by railways in India is very 
great, averaging 1000 miles across from west to east, and more 
than double that distance from north to south. It is intersected 
by two principle ranges of mountaius; the Vindea central range 
running from west to east, and the Syhadree range, 2000 feet higb, 
running from the centre of India south wards along the west coast, 
with a steep declivity towards the sea on the western side but a 
gradual fall inland on the eastern. In the case of the Bombay 
and Baroda line great care was necessary in surveying the country 
beforehand, to make sure that all branch lines intended to be 
constructed afterwards would be practicable, and 4000 miles of 
ground were examined before any steps were taken in commen- 
cing the works: this was the more important in so mountainous 
a country, in order to get the best possible levels along the entire 
course of the line, and the result was a ruling gradient of 1 in 500. 
The population of the country and its capabilities of supplying 
produce are so great as to ensure an enormous traffic for all the 
railways, and financial difficulties alone have hitherto retarded 
the progress of railways. The vast importance of ready commu- 
nication through India may be judged of from the fact that India 
already consumes a larger amount of British produce than any 
other country; hence it is that, while her colonies are the maiu 
support of the industrial classes at home, England must look to 
her colonies and to India especially for the maintenance and 
advancement of that industry; and facility of road traffic is 
therefore essential for increasing the demand for home produc- 
tions and for returning larger supplies of raw material. 

From the nature of the country it frequently occurs in India 
that the practicability of building a bridge in a particular locality 
is the consideration which determines whether there should be a 
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a road or not; and the same condition decides the question also 
astoarailway. The large majority of the lines have to follow 
the valleys and to cross the rivers frequently, requiring a special 
construction of bridge piers for the alluvial soil, where solid 
masonry piers are most costly if not impracticable. The piera are 
thus of vital importance: many kinds of superstructure may be 
adopted, but on the piers depend the practicability of making the 
railway. On the Indian lines miles of bridges have to be dealt 
with, which must he strong euough to withstand the fierce mon- 
soon floods running at 6 to 10 miles per hour. Hence great 
strength and durability are necessary in bridge piers, combined 
with cheapness of construction; otherwise a railway could not be 
attempted with any prospect of a successful issue. 

The piers are composed of hollow cylindrical cast-iron piles, of 
1 inch thickness of metal and 2 ft. 6 in. outside diameter, cast in 
9 feet lengths weighing about 14 tons each, as shown enlarged in 
elevations and plans in Figs. 2 to 5, Plate 19; these are 
of two principal patterns, for the portions of the piles 
above and below the ground. That abvve the ground, Fig. 3, 
has flanges outside for bolting the lengths together by twelve 
1 inch bolts; while that underground, Fig. 2, has the flan 
inside bolted together by ten 1 inch bolts, and is flush on the 
outside so as to offer no resistance in penetrating the ground; 
they are large enough inside to leave room for a man getting 
in to bolt the several lengths together properly in the process 
of erecting. The foundation is obtained by one of Mitchell’s 
screws at the bottom of each pile, of 4 ft. 6 in. diameter, 
which finds its own foundation without the expense of coffer- 
dams or any other artificial preparation of the ground. ‘The 
upright piles are placed 14 feet apart centre to centre, and 
are suuk to a depth of about 20 feet în the ground; but where the 
ground ie softer than usual they are carried down deeper, to 
obtain the requisite s2rength of foundation. The test length 
of pile used haa been 45 feet below the ground and 72 feet above. 
The oblique piles forming the struts are inclined at an angle of 
about 30° to the upright piles, they are poser the same in con- 
struction as the upright piles, and are joined to the latter at 
about the ordinary flood level by a cap cast at the proper angle, 
which clips the body of the spright pile. The piles are all 
connected together above ground by horizontal and diagopal 
wrought-iron bracing, attached to luga cast on the piles by a pin 
at one end and a gib and cotter at the other, as shown in 
Fig. 3. Figs. 4 and 5 show sections of the horizontal 'T iron brac- 
ings A, acd the diagonal angle iron braoinga B. The several 

ts of the bracing act alternately as struts and ties accord- 
ing to the direction of the current, and in oonsequence of 
this alternate strain an accurate fit of the bracing is required; to 
ensure this the joints at one end of each are therefore left to be 
done in India from measurement on the site, this being the only 
forging required in India. A party of submarine fitters is em- 
ployed for attaching the bracings to the pilings and other work 
under water. These men are furnished with Heinke's helmets 
and dresses. The outside piles are faced with a double row 
of timber as a fender to protect them against shocks from any- 
thing floating in the water and brought down by the current 
The weight of a single complete pier of five piles for two lines of 
rails, 63 feet high from the foundations, is 753 tons, and the cost 
£624 delivered in London. 

Fig. 6 is a side elevation of one of the spans of the bridge, 
showing the construction of the superstructure, which is that 
known as Warren's triangular system. Fig. 7 is a plan of one 
roadway, and Figs. 8 and 9 are an enlarged elevation of the 
double standard carrying the ends of the girders, and a side 
elevation of the girder and standard. Figs. 10 to 16 are sections 
of the bars composing the girders and tie bars. Fig. 10 is a 
section of the top compression beam at end; and Fig. 11 section 
of the same at middle. Fig. 12 shows bottom tie bars, section at 
end. Fig. 13, the same, shows section at middle. Fig. 14, sec- 
tion of the diagonal struts. Fig. 15, section of vertical and 
diagonal tie bars; and Fig. 16, section of roadway girder. 

This form of girder, when manufactured and accurately fitted 
in England, requires the smallest amount of skilled labour for 
its erection abroad on reaching its destination; only a few pins 
and bolts have to be put in for completing the girders, and the 
skilled labour required for riveting box girders or lattice girders 
is avoided. 

( To be continued. ) 
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PAPERS ON HYDRAULIC ENGINEERING.* 
By SauvEL McErnor, C.E. 


No. l.—RzsERvoin CONSTRUCTION. 


The principle of collecting water for public or personal use is 
directly connected with the iutroduction of water works; and, pre- 
liminary to examination of the several theories or systems of 
coustruction and use which have been followed, a brief historical 
summary of ancient and modern practice is important, which is 
taken from Cresy’s Encyclopedia and other works for the former, 
and principally from local reports for the latter. 

Egypt.—In two of the prominent cities, Carthage and Alexan- 
dria, the former containing upwards of 700,000 inhabitants and 
the latter over 300,000, the first received its supply of water 
through a large aqueduct, which emptied itself into a great 
number of reservoirs or cisterns in different parts of the city, 
about 100 feet long by 30 feet wide, through earthen pipes laid 
for the purpose, said to be still visible; while the second was 
supplied from the river Nile, covered stone conduits lined with 
cement being carried to each private dwelling, discharging into 
small cisterns built for the purpose, of the same material and 
lining, also covered. In the wars between Romeand Alexandria, 
when the Roman army had obtained possession of a portion of 
the city, they were much surprised and annoyed by the Alexan- 
drian general, who cut off their supply of fresh water, turnin 
into their conduits salt water in its stead; but by their united 
exertions in a single night, they dug wells, sufficient to supply 
their wante. The fact, taken in connexion with the enormous 
cost of this system of distribution, goes to show very clearly their 
care to provide the wholesome water of a river, in preference to 
the dus Bolésahus water of wells, where used by a large popu- 
lation. While, iu the case of Carthage, these numerous reservoirs 
would seem to have been used for direct private supply, without 
introduction to each house, as is now the case in some European 
cities. Recent visits to the remains of Utica, by H. B. M. ship 
Harpy, describe the maiu subterranean reservoir of about 320 feet 
diameter, with six cisterns 86 feet from it, 135 feet long, 19 ft. 
7 ia. wide, not less then 17 feet deep, built with uel roofs, 
connected with each other, and in good preservation. 

Greece, —On the islaud of Samos, a canal was cut through a 
mountain to obtain a supply of water from a copious and cele- 
brated spring; and at a point near the aqueduct several caverns 
were cut to receive its supply, whence the water was probably 
drawn by hand for use. On the island of Teuedos there still re- 
mains an ancient stone building, in which the water used by the 
inhabitants was collected, after it was brought from distant 
springs in earthen pipes. Among other remains of the city of 
Cnidus are several slabs of marble, channelled out for water con- 
duits. On the island of Cos, an aqueduct three miles in length is 
built, which supplies the inhabitants, the cover being removed to 
enable them to get at its contents. In the city of Syracuse, one 
of the reservoirs is described as beiug cut out of the solid rock, as 
was the aqueduct which supplied it, being 57 feet long, 23 feet 
wide, and 10 feet deep. Iu other Grecian cities conduits of stone 
masonry are found leading to subterranean reservoirs, arranged 
on a similar system of distribution. 

ltaly.—In the arrangements for distribution made by the 
engineers of Rome, the water brought to the city by the several 
aqueducts was received at the walls of the city in reservoirs 
specially adapted to each supply. The levels cf the several 
sources at these reservoirs differed materially, that of the Anio 
Novus being 1588 feet above the level of the Tiber; while of the 
six other aqueducts, three were above a level of 125 feet, and the 
other three standing at 82:5, 342, and 27-4 feet above this river, 
which at the city was 91:5 feet above the Mediterranean. Each 
reservoir, or castellum, had a triple cistern attached to it to receive 
the water. Three conduits, of equal dimensions, were connected 
in such a manner, that wheu the water was more than necessary 
for the supply of the outer, it was discharged into that of the 
middle, which served all the pipes of the public fountains; one of 
the mains supplied the baths, the other the private houses. 
The object of this contrivance was to provide first for the 
public wants, then the baths, and ABerHerde private individuals. 
“At the end of each of these three conduits was a receptacle 
whence the general distribution was made; at the sides were two 
others, to take off any superabundant quantity. By such an 
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arrangement the various supplies were regulated with the 
greatest nicety. The total width of the castellum (of the Aqua 
Julia) is 115 feet. No expense was spared in the construction of 
these stupendous edifices, which, attached to the numerous aque- 
ducts of Rome, must have resembled palaces. Built of squared 
stone, and lined with brick coated with a fine cement, every 
precaution was taken to prevent lea or infiltration. The 
several conduits and pipes were provided with valves and cocks, 
for ehutting off or turning on a supply to any direction." 
(Cresy's Encyclopædia, page 172) Ample provision was also 
made for cleansiug the several chambers by flushing ports, built 
in the centre, and secured e plug or a cut stone. Every house 
in Rome was supplied with water, a portion of the expenses 
being met by private tax on each house. In many cases foun- 
tains were placed in the courts, and in others cisterns were used, 
either open or covered. These were supplied from the castellum, 
principally by earthern pipes, although lead pipes were much in 
use in Italy. Wooden pipes were sometimes used for economy; 
pipes of terra-cotta were also used, and iron pipes were not un- 
known. In some of the baths copper pipes were used, but seem 
to have been limited in number. The Romans seem to have 
preferred the earthen pipes for distribution, as they did earthen 
vessels for drinking, on account of their superior coolness and 
purity. The tubes were made not less than two inches thick, 
the end of one fitting into that of the other. The joints were 
coated with a mixture of quicklime and oil, the pipes resting on 
stone blocks, to keep them in line, and in some cases they were 
entirely coated with cement. In the city of Venice, all the 
springs met with in constructing the foundations of the houses 
were led into wells built to receive them. In the absence of a 
spring the wells were supplied by rain water from the rvof, and 
these supplies failing, as they sometimes do, recourse is had to 
the main shore for supplies brought in boats. These subter- 
ranean reservoirs are very carefully built, lined with a peculiar 
clay of the locality, and preserve the water in coolness and 
purity. In othercities of Italy the population is supplied by 
public reservoirs, placed at different points throughout the city, 
at a level below the ground. 

Turkey—Is the city of Constantinople, one of the covered 
reservoirs, or cisterna, connected with the distribution svstem, 
still remains. It is constructed of brick covered with cement. 
It has a vaulted roof supported by marble columns, the cistern 
being 336 feet long, about 200 feet broad, and containing when 
tilled to about 40 feet depth 25,000,000 gallons of water. Re- 
mains of these cisterna are found in Rome, independent of the 
castella, which received the aqueduct supply. They are also to 
be found in Spain. 

Judea.—The city of Jerusalem is still supplied in part from 
the pools of Solomon, which were cisterns or reservoirs of ma- 
sonry, receiving an aqueduct discharge, and works of this kind 
characterise that country. The countries of Assyria aud Persia, 
Babylon and other great cities, contained extensive provisions 
for water supply. 

Peru.—In this country reservoirs were constructed by the 
Incas on the Andes, from which aqueducts were built hundrede 
of miles in length, exceeding in character those of Rome. One, 
in the valley of Condesuyu, is 400 miles long, and is still in 
partial use. 

Mexico is also famous for the aqueduct of Chapultepec, and 
the line over Lake Tezcuso. It would ap from these state- 
ments that with the ancients the system of distribution, to each 
private house was not universally in use, the inhabitants being 
obliged to go to the cistern« for their more immediate supply: 
and as in those cases ou record of house distribution, the open 
fountains, open limariæ, or covered piscine, were at or below the 
level of the ground, and fully connected by waste pipes with the 
system of sewerage, it is evident that the system of distribution 
under pressure was not in general use, so faras an available 
head within the house was concerned. 

Modern Europe—tin a large number of European cities, as 
has been also the custom in Canadian cities, andas was the prac- 
tice for many years in New York, the population ia supplied 
from the public fountains or other sources by water carriers. 
The supply of the Canal de l'Oureq in Paris, was distributed in 
this way. In other cities, as in London and Hamburg, the 
supply is carried to the consumers by distributing pipes, under 
the pressure of stand pipes connected with pumping engines, 
reservoirs being used ser ad reserves for fire purposes than 
for house service. P 
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London previous to the year 1582 derived its supply by indi- 
vidual resort to the Thames, to wells, and to suburban streams. 
About that time a tide-wheel was erected at London-bridge, 
which forced the water of the Thames into a cistern on a wooden 
building 120 feet high, from which leaden pipes carried ita supply 
to several districts of the city, pipes of wood and stone being in 
occasional use at a later date. With this distribution service, 
under additional pumping power, which was mainly of wood up 
to 1810 and 1815, as also in other cities of England, the greatest 
head in the houses was limited to 6 feet above ground. 

The character of the supply furnished the citizens of London 
by the nine water companies in operation previous to 1852, has 
this remarkable peculiarity, that it was carried on under what is 
called the intermittent system, or in other words, that each com- 
pany subdivided its distribution district into convenient sections, 

t one of which was supplied at a time, and in no case more 
than once a day, sometimes not more than three times a week; 
and that the supply of water under the standpipe head at the 
engine-house was kept on each section for a daily interval vary- 
ing from three-quarters of an hour to three hours, but very 
rarely as long as three hours. Notwithstanding the use of cast- 
iron distribution pipes, the elevation of this intermittent supply 
to the upper stories of dwellings was confined to the more expen- 
sive houses, and as a general rule, all the supplies were received 
in cisterns or other receptacies very near or quite helow the street 
grade. In most cases the mains were supplied direct from the 
engines through the engine house standpipes, a process for which 
these standpipes were specially adapted. To receive and retain 
for use this alternate supply, all the better class of houses were 
provided with cisterns, or water butts of sufficient capacity for 
this purpose. No such provision, however, seems to have been 
made for the poorer classes, who were obliged to draw their 
supply from short standpipes placed in the several courta, 
one pipe of this kind serving for from 50 to 100 houses, the 
water being kept in the pails, jars, buckets, &c., in which it was 
caught. From the Parliamentary Reports on this subject of 
1850, it appears that of 288,037 houses in the city district of 
supply, 17,456 houses, or about 6 per cent., were unsupplied by 
any direct means; in special districts the ratio sometimes bein 
a8 high as 18 per cent. In the several Reporta of 1850, 1851, an 
1852, on the disadvantages of the present London supply, the 
objections to this peculiarity, which also prevails in many other 
cities of Great Britain, are clearly and strongly urged. 

The New River Company has six subsiding reservoirs within 
the city limits, and uses six engine stations, Two are lined with 
brickwork, the others being excavated in clay bottom, with side 
slopes of 2:5 to 1, faced with broken stone for protection from 
wash. Two being 86 feet above Trinity datum, supply by gravi- 
tation. The highest surface is 430 feet. Their joint area is 50 
acres; level, 82, 86, 112, 154, and 400 feet; contents, about 8'5 
days supply, as an average, the highest holding one day's supply; 
joint contente, 120,268,176 gallons. Daily distribution in 1849, 
14,149,315 gallons. 

The East London Company has five subsiding reservoirs, at 
datum level, 304 acres area jointly. Contents, 32,500,000 
gallons. Lined in part with Kentish ragstone, brickwork and 
gravel. The sixth, lined with brickwork, on Stamford Hill, is 
86 feet above, and contains 2,500,000 gallons. Daily distribution 
in 1850, 8,829,462 gallons; highest service, 120 feet. 

The Southwark and Vauxhall Company has no reservoirs, 
except for subsidence and filtration from the Thames. Highest 
service, 185 feet. 

The West Middlesex Company has two subsiding reservoirs 
from the Thames, of 16 acres area; a reservoir on Camden Hill, 
less thau 1 acre in area, lined with brickwork, at 111-5 feet level, 
containing 3,456,000 gallons; and another on Barrow Hill, lined 
with brick, 1-5 acres area, contents 4,572,000 gallons, level 167:5 
feet. Daily distribution in 1849, 3,334,054 gallons; highest 
service, 207:5 feet. 

The Lambeth Company has a reservoir on Brixton Hill, lined 
with brickwork with paved bottom, level 105 feet, area 3 acres, 
contente 12,150,000 gallons, depth 20 feet; and another on 
Streatham Hill, with brick walls and clay bottom, level 185 feet, 
area 1:25 acres, contenta 3,750,000 gallons. Daily distribution 
in 1849, 3,077,260 gallons; highest service, 350 feet. 

The Chelsea Company pumps into a subsiding reservoir at low 
grade, 3°5 acresarea, 15 feet deep. It haa a reservoir* at Green 


* This reservoir has lately been remored. 
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Park, with brick walls and paved bottom, 10 feet deep, area 1:5 
acres, contents 3,000,000 gallons; and one at Hyde Park, with 
brick walls on concrete, area 0°75 acre, 7 feet deep, contents 
1,021,000 gallons. Daily distribution in 1849, 3,940,730 gallons; 
highest service 157 feet. 

he Grand Junction Company has one reservoir at Camden- 
hill with slopes lined with concrete and brick paved bottom; 
area 1°75 acres, contents 6,000,000 gallons, level 123 feet. Daily 
distribution in 1849, 3,523,013 gallons; highest service 150 feet. 

The Kent Company has three reservoirs, lined with concrete 
or Kentish ragstone: one at Greenwich Park, level 140 feet; one 
at Deptford, level 100 feet; and one at Woolwich Common, level 
200 feet; joint capacity, 3,865,344 gallons. Daily distribution in 
1849, 1,079,311 gallons; highest service, 220 feet. 

The Hampstead Company has a joint reservoir surface of 
35 acres. Daily distribution, 427,468 gallons; highest service, 
215 feet. 

The metropolitan district supplied by these nine compsnies is 
about 10:5 miles long by 8 miles wide; tota! average daily distri- 
bution in 1849, 44,383,332 gallons; population supplieu, 2,156,417; 
joint elevated reservoir contents, 206,000,000 gailona. From 
these statements may be inferred the relation borne by the 
London reservoirs to the distribution service, as to elevation and 
capacity, and the general plan of arrangement adopted. 

The new supply of the Chelsea Company at Thames Ditton 
embraces a supply and summit reservoir on Putney Heath, 
6 miles from the engines and 165 feet level. It combines a double 
covered and a small open reservoir, the former for domestic use, 
the latter for park and street purposes. The former is in two 
divisions, 20 feet deep, each 310 by 160 feet surface; contents of 
both, 10,150,000 ons. The inside slopes are 1 to 1, faced with 
concrete, with which the bottom is covered 1 foot thick. The 
roofing is of 8-inch brick arches on pies with concrete filling in 
the branches, and covered with puddling. This supply aopn: 
rates the constant system, or system of constant pressure for 
London. 

Liverpool and Glasgow are examples of this system as in use in 
the United States. The Rivington Pike Reservoir is capable of 
supplying the former with 13,000,000 gallons daily; and for the 
latter the Ryat Linn, added to the Waulkmill Glen Reservoir, 
the one at 2983 feet and the other at 283 feet level, 50 feet deep, 
hold 50,000,000 cubic feet of water, at a point 5 miles from the city. 
A filtering apartment is in use here, passing over 3,000,000 gallons 
per day. In cases of this kind, where flat bank slopes 3 to 1 are 
used, they are generally protected by rip-rap walls, or a mixture 
of furnace cinders and small stones with clay. 

Notices of a few reservoirs in the United States will serve to 
illustrute the subjecta of discussion. 

The Beacon Hill Reservoir, Boston, is the most elaborate 
structure of its class. It is a rectangle, built above the street 
grades, the walls being from 41 to 58 feet high. The outside 
walls are built in solid cut granite masonry, with a heavy orna- 
mental coping, the inner walls being of the same material, 5 feet 
thick at the base, on a concrete bed, and 3 feet at the top; the 
floor is paved with concrete 3 feet deep, and covered with two 
courses of brickwork. The level is 121°53 feet, depth of water 
way 13:5 feet, contents 2,678,961 gallons. The average depth in 
1861, in consequence of extraordinary city consumption, was 
9 feet. 

The Murray Hill Reservoir, New York, is built in two distinct 
divisions, with retaining walls of heavy stone masonry, arched 
cells being constructed around the entire structure, behind the 
face walls; its coping grade is about 49 feet above the street. 
Its division wall is of concrete faced with rubble masonry, 18 feet 
wide at base, 7 feet at flow line, built on a concrete bed, and 
carried up to coping level. Its inner slopes, 1 to 1, are laid in 
stone masonry 15 inches thick, to 4 feet above bottom, whence 
they are covered with 12 inches of concrete, also continued over 
the whole floor. Its level is 112 feet; contents, 38 feet deep, 
21,000,000 gallons; its inner size is 386 feet square. Ita flow line 
is 4 feet below inner coping. Its ordinary depth is about one- 
third of ite full depth. 

Prospect Hill Reservoir, Brooklyn, is built in earthwork. 
The inner slopes, 1°5 to 1, are puddled 2 feet thick, covered with 
3 inches of concrete, and 8 inches of brickwork to the top angle, 
which has a coping 3 feet wide, on masonry bed. The floor is 
puddled 2 feet deep, covered with 4-inch brickwork grouted. Its 
contents are 20,000,000 gallons, depth 20 feet, level 197 feet. 

The Cleveland Reservoir is an embankment, with a base 21 
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feet above grade. Earth retaining banks are constructed 26 feet 
high, inner slopes 1°75 to 1, outer 1°5 to 1. The slopes and floor 
are covered with 2 feet of puddling, with a facing of brick 
masonry. Its depth is 20 feet, level 160 feet, contents 6,000,000 
None. 

P The New Reservoir, Fairmount, completed in 1852, is of earth- 
work, with inside slopes of 1-5to 1, lined with puddled brick-cla 

12 to 15 inches deep, covered with a layer of concrete, on whic 

4inch brick masonry is laid; at the foot of the slope the brick- 
work abutment is 8 inches thick; the bottom is puddled, covered 
with brick laid flat and grouted. Its water surface is over 4 acres, 
contents 20,321,392 galls. depth 16 feet, level 98°14 feet. This 
completes the group of five divisions for this district, which are 
asad. for subsidence and supply, and aggregate 47,218,028 gallons 


a ; 

The Belleville Reservoir, Jersey City, N.J., is of earthwork, 
with puddled slopes and floor, inside slopes 15 to 1, covered with 
concrete mortar and 4-incb brickwork, which is backed with 
rabble masonry for 5 feet below top angle, 18 inches thick. Level 
158:83, contents 14,000,000 gallons, inner size 323 by 396 feet; 
level of force tuhe discharge 16079. 

The Louisville Reservoir is built in two connected divisions, in 
earthwork, the banks being carefully worked down; inside slopes 
1*5 to 1, covered with 4-inch brick masonry, which is 8 inches thick 
to a point 6 ft. above bottom, the floor being puddled, and covered 
with two dry flat courses of bricks. Its level is 150 ft., depth of 
water 20 ft, division banks 12 ft. high, and 12 ft. wide at top; 
contents 7,000,000 gallons; height of standpipe 180 ft. 

The Detroit Reservoir is built in two distinct divisions, with 
embankments of soluble clay, carefully made, with interior pud- 
dle walls. The inner slopes are 1*5 to 1, faced with 4-inch brick- 
work, commenced with the intended use of 3-in. concrete backing, 
which does not appear to have been completed. The upper wall 
was laid in a temporary manner. Ita level is 77:5 ft., contents 
7,592,704 gallons, depth 25°5 ft., low line 3 ft. below top angle; 
division wall 10 ft. wide at top. 

The Manhattan Reservoir, New York, is built in two distinct 
divisions of different areas and depths, which can be connected by 
a pipe 15 feet below flowline. It has earth embankments, with 
outer retaining walls of heavy masonry, laid dry and pointed with 
cement. Its interior slopes are l'5 to 1, paved with heavy dry 
wall from the rock blasted from its bottom. The banks have in- 
terior puddled walls. Its depths are 20 and 25 tt., water suface 
31 acres, contents 150,000,000 gallons, level 115 feet. The floor 
ia partly on rock, and is not puddled. 

The new Croton Reservoir, under the specifications of 1857, is 
built of earthwork, in two connected divisions, the top of division 
wall being 3 ft. below flow line. The banks, which are 15 ft. wide 
at top, and 4 ft. above flow line, have interior puddle walls; the 
inside slopes are 1°5 to 1, covered with an 18-in. dry wall laid on 
8 ins. of small stones. The head of the division bank is protected 
by 18 ins. of rubble masonry on 8 ins. of concrete, carried with 
10 ft. face down the slopes. The puddle walls are commenced on 
concrete beds, or the rock-face, the floors not being puddled. Its 
depth is 38 ft., water area 96 acres, contents 1,029,880,145 galla. 
(N. Y, level 115 feet. In 1859, the plan of slope lining was 
changed for a wall of solid rubble masonry. 

The Hartford Reservoir is small and irregular in form, built in 
earthwork, of compact material. Its inner slopes vary from 1°5 
and 2 to 1, on different sides, and are faced with two courses of 
dry stone, each 9 inches thick. Puddle walls are built in the 
banks. Its depth is 30 ft, greatest inner length 395 ft., and width 
187 ft.; contents 7,830,000 ons, level 120°94 ft. 

Ridgewood Reservoir, Brooklyn, is of earthwork, in two 
distinct divisions. The puddling is made 2 feet thick on all 
slopes excavated, and in walls in all embankments, being care- 
fally connected with the floor puddling, which is 18 to 24 inches 
thick. The inside slopes, 1'5 to 1, were covered with a dry wall 
of 16 ins., and had a 6-in. backing of small stones for a depth of 
8 ft. beiow flow line. This being injured by the action of surface 
waves in 1859, was carefully relaid where necessary, and pointed 
fora depth of several inches in cement. Ite depth is 20 ft., water 
surface 28°61 acres, conteuts 153,956,402 ons, level 170 ft. 

The Brookline Reservoir, Boston, which is chiefly a natural 
basin, has ite inner slope lined with dry stone 18 ins. thick, for a 
belt of 14 ft. in width. This width was increased on account of 
the action of surface waves and ice. Its depth varies from 14 ft. 
to 94 ft.; contenta 89,909,730 gallons, water surface 6 ft. below top 
bank 22°31 acres, level of this surface 1206 ft. 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


273 


All the reservoirs of this country are arranged upon the 
constant service system, although instances occur of the use of 
standpipes, which are made to act as reservoirs under this prin- 
ciple, as in the Twenty-fourth Ward works at Philadelphia. 


THEORIES OF CONSTRUCTION. 

The object in presenting this rapid sketch of ancient and 
modern practice, is not for the purpose of describing the several 
details of arrangement, but rather to illustrate certain general 
and important principles which have been seriously neglected, and 
need to be specially recalled. 

As to the use of reservoirs, it is obvious for many reasons 
(which we need not pause to discuss, although involving interes- 
ting questions) that between the practice of the ancients and 
many moderns, in the resort to street fountains or small house 
cisterns at low levels, and the system of intermittent supply, as in 
London—and the service with adequate distribution, under con- 
stant pressure, as with us—safety, convenience, and method 
strongly favour the latter. All the losses which it may involve in 
supply are fully- compensated by attendant benefits, and these 
may themselves be guarded with proper care. 

But the principles of arrangement which we may derive from 
and add to the practice of the ancients, may properly demand our 
first attention. 

There is a general, and perhaps natural, popular impression 
that water, from our familiarity with its flow in large and small 
quantities, its common use, its value as a beverage, and its clean- 
sing properties, is easily controlled and confined, and essentially 
clean and pure; but the engineer who has had to struggle with its 
enormous weight, its insidious and incessant or its abrapt and 
overwhelming energy, its exquisite mobility, and its wonderful 
solvent power, and who has studied the constituents of ite natural 
state and the laws of its purity and impurity, understands the 
fallacy of this popular idea. 

It is evident also, that nothing new has been learned on this 
subject in hydraulic theory, and not much improvement has 
been made in practice, since the Jewish monarch Hezekiah dis- 
tributed, under pressure, the supply of Gihon into the city of 
David. New combinations of old things characterise present 
professional practice, much of which, as we propose to show, is 
degenerate. 

All hydraulic constructions of the ancients were exceedingly 
substantial in character, many of them yet remaining in use. 
Their castelie and cisterne, as their aqueducts, testify to-day of 
the care exercised in stone and brick, in cement mortar and lining, 
and in proportions of construction. This may be defined as one 
prominent characteristic, which illustrates their knowledge of the 
element they intended to subdue and confine. As a second point, 
it may be noticed that their aqueducts and reservoirs of all classes 
were carefully covered; that distinctions in use were made iv the 
qualities of water supplied; and that provisions were made for 
depuration. 

We also observe that the scale of reservoir capacity has been 
greatly enlarged in modern times, involving a necessary change 
in inaterials; and that in the European school, and a few instances 
with us, reservoirs in earthwork, with artificial slopes, at less 
than the angle of repose, are protected by substantial water-tight 
lining. But these instances are rare, being the exceptions to a 
rule which cannot be approved, and which in practice has univer- 
sally condemned itself. 

The principle of constant service in itself involves the use of 
reservoirs of great capacity, since the consumers are not prepared 
for any loss of supply; the use of earth embankments for such 
reservoirs is in several respects advantageous, and a regard for 
economy in space and cost favours the use of artificial slopes. 
As constant service also requires elevated reservoir location, 
where losses and accidents are enhanced in importance, the 
question of propriety in construction with us is national. This 
question has two divisions—proper stability and proper depu- 
ration. 

Stability.—All earthwork of artificial slopes in contact with 
water is exposed to absorption and solution under static pressure, 
a condition increased by relative head, and is readily disturbed 
when exposed to water in motion. Either action is injurious, and 
should be prevented. The solventand penetrating power of water 
on an embankment is liable to produce threads and eventual 
streams of leakage, against which provision must be made. For this 
purpose puddling is applied, But puddling being in part or wholly 
Sasi of clay, is itaalf peculiarly liable to destruction from water 
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in motion, and hence requires protection; and a very common 
practice is, to place heavy pyramid walls of it in the centre of 
embankrmenta, by which the preserver of the earth is to be pre- 
served by earth. This involves an error in principle, since the 
earth embankment, from its peculiar properties of resistance, is 
what is relied upon to sustain the enormous thrust of the water 
prism, and its figure ought not to be thus divided into three 
distinct bodies and states of body with two distinct kinds of 
material, of which the face of the centre body is so formed as to 
thrust the inner embankment towards the foot of the slope, in 
case it has any tendency to motion from saturation or otherwise. 
There is no propriety then in placing puddle walls within an 
embankment, for the protection of the embankment, nor is there 
any propriety in building the base of a puddle wall on the mate- 
rials it is intended to protect, if such base is not extended over 
the water floor of the reservoir, so as to prevent leakage precisely 
where the greatest pressure makes it most apt to occur. Especi- 
ally ia it erroneons to build the foot of a puddle wall on a rock 
face, along which water readily finds it way, as water joints cannot 
be made between smooth rock faces, ur wood or iron, and clay, 
with any degree of certainty. 

Evidently, then, the stability of a reservoir of this kind depends 
as to this point on the integrity of its embankments, and these 
cannot be protected except by absolutely water-tight facing as to 
the inner slopes, and dooring as to the bottom, and for such facing 
puddling is not in itself sufficient. 

The stability of a reservoir is affected by the relative force and 
volume of its inlet and outlet currents; by the saturation of its 
inner slopes, which exposes them to the action of the frost, to 
diminish solidity, to slides and to leakage: by the action of surface 
wavea, which act as breakers, and are created and affected chiefly 
by the force and direction of winds, by area or length of travel, 
by relative shallowness of depth, and to which broken ice at times 
adds abrasive power; aud by the action of muskrats and other 
animals of the kind. These several actions apply to the 
bottom, the slopes, and the top angles, as also to the embank- 
ment prisms. 

The use of dry slope walla is, therefore, defective in principle, 
since they freely admit the passage of water into the banks, with 
all the effects of saturation, solvency, currents or waves, which 
such an open structure cannot but transmit, either to puddling or 
earthwork, to a greater or less extent. It is only in modification 
of effect that they are beneficial, and these benefits depend on 
their thickness and tightness, and the relative power of injury the 
water may have, under ordinary or extraordinary contact and 
agitation. 

Puddling carefully made, from proper materials, and worked 
dry is in itself, as a compact homogeneous body, admirably 
adapted for transmitting to the prism slope of an earth embank- 
ment on the planes of its surface, when itself properly built or 
filled, the thrust of the water prism; and when thus laid on the 
slope it can be very conveniently and certainly united with the 
floor covering; hence the eminent propriety of its use in this way, 
and for this purpose. And from the obvious necessity of its pro- 
tection from the water, follows the use of cement masonry, of 
solid and durable character, over its entire exposure. 

The instances which abound in illustration of this theory of 
absolute protection, based on the best ancient and modern 
practice, ought perhaps to be discussed at leugth, but will be 
grouped here for the present. Of the list of United States reser- 
voira presented, only the first four are free from grave objections 
on this point in construction. When it was attempted in 1854 to 
draw down the Brookline reservoir, the saturated banks followed 
the water; when the Hartford reservoir was filled in part, the east 
bank slid out, forming a new slope, which was in part retained; 
when Ridgewood reservoir, in 1859, was filled less than 7 ft. deep, 
the surface waves, under March winds, washed out the puddled 
and earth backing, so as to require the entire rebuilding of a wide 
belt before the wall could be subsequently pointed, an event 
which changed the lining of the new Croton reservoir; in the 
Manhattan reservoir, as to its walls, a glance reveals the effect on 
the banks, although changes of water level are rare, and for the 
system of puddling, occasional rivulets of leakage on the ends, 
and the necessity of a large sewer on Fifth Avenue, are suffi- 
ciently argumentative; the Detroit reservoir, in 1859, which had 
embankment puddle walls, with a light and imperfect brick face, 
being drawn down because the upper bank was weakened, 
brought down the entire embankment face with it, and after con- 
siderable consultation, a massive stone abutment was built at the 
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foot of the slope, and a dry stone wall, 6 ft. thick at the base and 
2°6 ft. at the top, carried up, for the ostensible purpose of holding 
the slope in its place! 

From these and other facte, which might be much more fully 
collated, and which are comments on a simple theory, it may be 
taken for granted, that no reservoir is properly constructed which 
is not water-tight in every direction subjected to pressure, and 
which is not fully protected as to its puddlin and earthwork by 
substantial cement masonry; nor does the that such light 
covering as that of the Belleville, the new Fairmount, and other 
reservoirs, serves its purpose so far well, justify the hazard which 
is incurred in its use. 

As in slope puddling it is necessary to use thickness enough to 
make a convenient working width, and as it is advisable in 
hydraulie work to avoid prolonged bed jointe, and as 8 inches of 
brick masonry can be made much tighter than several times its 
thickness of stone, while the same thickness does not double the 
cost, I have preferred to use for reservoir slopes, 2 feet of 
peddling, faced with a layer of concrete, and covered with 8-inch 

rickwork, carefully coped, and adopted this plan for the contract 
of the Brooklyn Water Works in 1856, covering the bottom with 
the same thickness of puddling, with 4-in. brick paving, grouted. 
And with hard-burned paving brick, properly selected and laid 
in close jointa, such lining must prove very satisfactory. The 
same principle may, however, be fully sustained with carefully 
built rubble masonry. 

Depuration.—Not only does the ancient and the best modern 
practice use substantial cement masonry in reservoir lining, but 
with the former, as shown at Rome, Constantinople, Utica, &, 
and to an important extent with the latter, as in the new Chelsea 
Company reservoir, and others which might be adduced in the 
European school, the water is carefully protected (rom the sun, 
and provisions are made for purification by filtration or otherwise. 

In all natural water there are three classes of impurities, 
which differ in different localities only in degree, and theee are 
the mechanical, the organic, or vegetable aud animal, and the 
mineral. Chemical science, which has devoted much attention to 
this subject, and the abundant resulta of experience, have shown, 
that subsidence corrects the first class of impurities, that sration 
and fermentation correct the second, while the third may be 
modified by sration and filtration. From these leading principles 
we understand at once, that while all reservoirs are depurative by 
subsidence, as well as by filtration if used, and therefore tend to 
collect these heavier constituents, none properly fulfil their office 
in this respect which do not furnish for consumption a surface 
supply, and their value for subsidence depends on their relative 
storage and method of use. We also understand that heat, light, 
and air are the prominent agents on organic matter in water, 
which is also collected in reservoirs on account of its specific 
gravity, and that it ia therefore advisable to prevent so noxious 
a condition as direct fermentation to a sensible degree. The third 
class is not so easily atfected, but may be moderated in degree by 
the remedies for the others. 

We see then that subsidence, filtration, circulation or sration, 
and exclusion of light and heat, are the correct processes for 
water depuration and preservation, and that the surface currents 
are of necessity the most pure, while the lower strata are of 
necessity the most impure. And we therefore comprehend the 
philosophy of the expensive provisions to these ends adopted in 
ancient and modern hydraulic practice. It is a question of great 
moment to determine how far, in our own school of economical 
engineering, these provisions are or may be observed. 

or the extensive scale of many of our works, the use of cover- 
ing, which ought never to be cheap and temporary, is almost 
beyond attainment, on the ground of cost; while we know that it 
would maintain coolness in temperature and freedom from storm 
waves. It is also plain that filtration by artificial means is in 
itself an expensive and unsatisfactory process on any large scale, 
from the necessity of constant renewals, if the process ig at all 
complete in action; although filter beds like those in action at 
Glasgow and other places are simple in construction, are easily 
renewed, and do not add over one half-penny cost per thousand 
gallons for annual operation and interest of capital. e reliance, 
then, of our own school is confined to subsidence and circulation. 

Examining the systems of reservoir construction and use, with 
us, we have by no means a gratifying series of evidence that due 
precautions have been exercised in this respect. The use of dir 
tinet divisions is the exception rather than the rule, and very 
rarely does it occur that consumers are supplied with surface 
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water, which is the purest, but as a general rule, the reverse is 
the case, and the very process of subsidence carries into the pipes 
water much more impure than that ofthe fuuntain-head. In eve 
such case, as to mechanical and other impurities, analysis wi 
show, and has repeatedly shown, this improper effect. Hence the 
universal necessity of blowing off at the hydranta, the collections 
at dead-ends, the complaints common to all supplies, of causes 
independent of oxidation or other difficulties pertaining to dis- 
tribating mains, and the knowledge in our houses of storms on 
the works by our drinking glasses. 

Bat if this neglect is important as to mechanical impurities, it 
becomes still more so as to those which are organic. These are 
at all times objectionable, as infusoria, fungoida, fibrous matter, 
animaleules, and the like, for human imbibing, but become 

ially so when advauced by heat and light to a state of sen- 
sible fermentation, which is an effort of nature for self-depuration, 
and which is probably always at work in insensible degrees in all 
organic solutions. 

f it be answered to this statement, that in warm latitudes the 
water and the sun have greater tendency to this action than with 
us, the question of degree may be admitted, but the facts in this 
case, derived from abundant English testimony, and from that of 
the supplies of our own country, are formidable in their warnings 
in this respect. At Boston, New Britain, New York, Brooklyn, 
Albany, Cincinnati, Pittsburgh, Chicago, Cleveland, Savannah, 
and other places, the records are unmistakable, and by no means 
of rare occurrence, and they are witnesses of well known chemical 
laws, which declare, that as all natural water contains organic 
matter, it needs watchful protection from its incident affections. 

From this process of fermentation, which is frequently observed 
to be at work far below an inoffensive water surface, and from the 
plain advantages of aeration and surface supply, it is sufficiently 
evident as to the principle of use, that divisions are of great ser- 
vice in all reservoirs, and should be so arranged as to decant 
surface currents from one to another in succession, and that the 
use of a bottom supply is a direct violation of correct principle. 

We also learn from evident considerations, that shallow reser- 
voirs and those of disproportionate storage to supply, are ob- 
jectionable the moment a reasonable capacity for subsidence is 
passed. The propriety of covering the floors of reservoirs to pre- 
vent vegetation is also affirmed by numerous examples. 

If, then, we do not cover our reservoirs, or use filtering 
chambers, or if we do, it is easential that their contents should be 
kept from contact with their earth embankments and flooring, 
that they should be deep and full, that circulation should be pro- 
moted by the use of several divisions, and that their supply 
should never be taken from the bottom; and no supply is, or can 
be, independent of great need of these simple and plain pre- 
cautions, under any temperature. 


————ün— ——— 


CONVENTIONALISM IN ORNAMENT.* 
By Jonn P. Szppon, M.R.I.B.A. 
(With an Engraving.) 

THE rise, the maturity, and the fal] of the Gothic style is 
strikingly marked by the energy, the luxuriance, and the languor 
successively observable in the ornament of those several stages, 
and it is an extremely curious fact that the plants copied in its 
sculptured foliage were in the same succession, the opening bud, 
the developed leaf and flower, and the flaccid seaweed or languid 
thistle tanning into decay. The progress of Gothic architecture 
was itself one homogeneous growth, which ran its course from 
youth to age evenly and without marked breaks, although for 
convenience we have arbitrarily divided it into “ Early, Middle, 
and Late Gothic? and while we use the same nomenclature 
in describing its ornament, it must be borne in mind that 
they all insensibly arose out of each other, as the successive 
stages in the life of the plants themselves whence they drew 
their inspiration. This is very observable by merely turning 
over the admirable plates in the 5th vol. of Viollet le Ducs 
‘Dictionnaire raisonné de l'Architecture,' under the head of 
the article “Flore,” which I heartily commend to the careful 
perusal of those desirous of following out this subject, as all 
who have to do with designing or executing ornament should 
do. He there gives in succession a sturdy capital of the date 


* Concluded from page 211. 
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1130 A.D, still half Romanesque, with its square abacus and 
lingering Corinthian arrangement, but with, instead of volutes, 
crisp atiffly-curled fronds of the fern, as the young plant pushes 
itself out of the ground with the full sap-vigour of the spring, and 
opposite to it he shows the natural type from which it was evi- 
dently conventionalised. Next you have the simple plantain 
leaves as parbaj by their streams, and as orderly arranged round 
and closely clasping the bell of a capital, showing the method in 
which the peculiar treatment of the stems of the developed Gothic 
capital arose, and of which I shall have occasion to speak again; 
as also of the planting of the leaves on the extremities of the 
same, and later upon the horns which project from the capitals, 
and which were derived hence: these, by the way, while much 
copied at the present day, seem to be little understood. We next 
see the lily type, besides some of the glorious conventional orna- 
inent of the Early French style taken from it, and note the 
splendid character of the curves, strength in the stems, and the 
temperance throughout. We find as we proceed onwards to the 
complete Gothic, the full-fedged oak, ivy, maple, and vine; and 
lastly the nerveless seaweed, emulated in the florid extravagance 
of the Flamboyant, wreathed with all the grace and lack of self- 
restraint of its type, as flung hither and thither at the list of the 
waves. You may see the same for yourselves in the valuable 
collection of casts at the Architectural Museum, which possesses 
fine examples of all this same French ornament, and of course a 
still larger number of English examples, starting from our Nor- 
man or Romanesque, and thence onward to our insular Early 
English style, as at Lincoln and Ely, Stone Church &c., and the 
far tiner work in my opinion of Wells and Liandatf, which are 
almost identical; the naturally treated foliage of the Decorated, 
and the crumpled nondescript work of the Perpendicular. 

In point of conventionalism the Early Gothic is in all respects 
the finest, as indeed I believe it to be in comparison with every 
other class of ornament. I should give the palm, if it were neces- 
sary to choose between the several local developments, to the 
Early French, which indeed seems to be the favourite style of work 
among our Mediseval architects and carvers at this time: it is, 
par eminence, stone foli One would expect, if the Middle 
Gothic carved foliage of Rheims west frontal, or English Deco- 
rated work, were painted green, that an epidemic would soon 
appear among the cattle, which would assuredly browse upon it; 
but I suspect verdigris would be wasted upon the knobby 
branches at West Walton, or the stitf scroll work upon stately Laon. 
All Early Gothic ornament is properly and sufficiently conven- 
tionalised, but there is a very great variety in its local develo 
ments. I have noticed a very broad distinction between that in 
the west and east of England, this is in its modelling and arrange- 
ment, for both aro evidently from the same type—what it may 
have been I cannot say: many conjectures have been made, but 
I do not think it is a matter of importance, for whatever it may 
have been, it has not been followed into minutim. To the foliage 
of Wells Cathedral, being well-known, I may refer you, to show 
what I mean; although I consider that of Llandaff far finer, and 
I do not think I shall claim too much if I say that it is unsur- 
passed; but the whole of this western work is well worthy study; 
I found a most interesting series at St. David's in every gradation, 
from the Norman cushion capital to the enriched Early English of 
this particular class.* Curiously a great many capitals are left 
unfinished, and only boasted out, as if their carver had died, and 
no inferior hand had been allowed to complete his work. 

The leaves of the Early Gothic foliage are mostly trefoils upon 
broad succulent stems, with occasional bosses of berries or buds; 
the external edges or boundary lines are as it wére too small to 
allow of the space of the leaf to lie flatly between them, and the 
centre rib line is too long, so that the surface of the leaf is obliged 
to double itself up transversely and longitudinally. This pecu- 
liarity is much more marked in the centre than in the side 
divisions of the leaf, so that it is obliged to get intoa regular 
dent in the middle, and the centre rib has to dive into it like a 
snake, and rise out again into a complete hump, before it can get to 
the end of the leaf asit ought todo; and if you can imagine the leaf 
*o be one you could gather and press under & weight, it must be 
crumpled into folds: yet with all this complication, it isa perfectl 
symmetrical leaf, at least it is evident that its rib is central, wit! 
similar halves on either side. It is true that there are often more 

*B 
the capitala ie uansually ong; there are nou of the tranuition apecitens se i gu ot 
Bt. David's, but there are some simple examples which seem to be conventionalised 


from the hart’s-tongue fern with as consummate art as the richer and more 
ones, 
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leaflets ou one side than the other, and constant variety in the 
forms; yet not more than you will find in the leaves of every ivy- 
bush, not two of which are alike, yet all’ of which point to a 
certain typal form and law of symmetry, and each leaflet has its 
centre rib aud halves, and room to expand from its stalk. Now 
it may seem that I am pointing out very simple and self-evident 
matters, which all can see for themselves, yet I assure you I do not 
think that [ have ever aeen a single modern copy of this class of 
work in whivh all these essentials are not more or less neglected. 
Just the general effect has been attempted, with a certain degree 
of success; but examine any single leaf, and ten to one it has no 
symmetry, or its rib is carried down the stem all on one side, leav- 
ing too much room for the leaflet on one side, which therefore 
looks bloated, while the opposite one is altogether starved, and 
has no room, and looks stuck on afterwards as an after-thought, 
and the depression in the middle leaf is à mere gash, as if the 
chisel had been thrown at it; and the usual bulge on the side leaf- 
lets does not rise with the central fibre as it ought, but having 

ot all iuto the wrong place, gives them the appearance of 

aving the mumps. But when the group is a complicated one, 
take the trouble to look forthe stems, and you will surely find 
that half the leaves have none at all; and whereas in old work 

ou might unravel the whole group, the modern cap turns out to 
be a mere imposture, made to look like au old one at a cou- 
siderable distance, but it will bear no close inspection. What, 
then, when you come to the late class of Flamboyant or Perpen- 
dicular leaves of the most complicated description, and which 
used to be the favorite class of work until the modern fashion for 
the Early Gothic came in. Look at an old poppy-head; among 
the thousand knobs and knots, rivalling its seaweed type in 
crumpled texture, all have their true meaning and form, aud the 
leaves are symmetrical onea, that you seem as if you could gather 
and spread out if you took the same pains that is required to do 
the snme with the natural specimens. But a modern poppy-head 
generally looks as if it were a structure of tape afflicted with a 
rash: try to unravel that, and you have a task which would have 
puzzled Penelope. 

I remember seeing at Norrey, near Caen, a capital (an Early 
one, by the way) decorated with foliage evidently taken from a 
crinkled cabbage, in which all its marvellous modelling was 
rightly conveutionalised and thoroughly worked out; nor need this 
seem astonishing, because a carver who can thoroughly draw and 
model a single leaf, can with more time and patience do the other 
also. Why then can, or rather, do not our carvers do the like 
(for I am sure they miglt easily do it)? For this reason, that 
they never take the trouble thoroughly to work out and conven- 
tionalise one of the simplest leaves. They will do you to order 
whole arbours of oak or ivy, or whatever you like. “Crinkled cab- 
bage would be nothing to them; oh! they know it all by heart,— 
have they not learned their trade?’—though, by the bye, I can- 
not conceive where, for I never see in their studios any appearance 
of even the apprentices being set to draw or model froin nature; 
occasionally one finds a cast of a natural leaf or two, and some 
casts from old work, and not too many of these either. There is 
not time now-a-days to study rightly anything; so the masters 
carve foliage, nay even figures, with angels and arohangels to 
boot, like the German professor, from their innate consciousness 
of what they ought to be; and the apprentices carve from their 
masters’ work, without so much as the wing of a goose being put 
before them to improve their ideal conception of the “mighty pens” 
of St. Michael; uutil they also have learned their profession, and 
become themselves masters in Israel. I will allow, indeed, that of 
late a school has arisen which gives usa very fair imitation of 
Early French Gothic conventional foliage, and one does rejoice 
much that so manly and vigorous a type should have been selected; 
but then it is not carried out as the old designers would have 
done, by seeking and developing for themselves fresh types from 
nature. So that it has already degenerated into manuerism; and 
in the search for piquancy, the leaves have begun to look like 
ornamental glove-stretchers; and I am sorry that in many other 
wise fine works in the International Exhibition I notice there is 
a great admixture of an element that seems to me to he like the 


rococo of Louis XV. with its shells and knucklebones, over again. - 


This ia conventionality indeed, but that of a class that is “at 
variance with the strict canons of taste and propriety." 

But [ have been pointing out rather what is not proper conven- 
tionalism than what is, while I anxiously desire to give some satis- 
factory explanation of what is the “artificial treatment” which at 
the outset of this paper it was stated is “requisite to maintain 
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consistency with regard to the material purpose and position of 
ornament," and having referred mainly to carving in stone, I will 
for the sake of simplicity confine niyself to that. I think it con- 
sists principally of knowing when to stop, for I find that our own 
carvers understand conventional and natural ornament as two dis- 
tinct irreconcilable things. If you ask them (as the committee 
of the Architectural Museum asked of those who competed for 
their prize for a capital from the hawthorn type) for convention- 
alised nature, they are utterly in thedark. They will reply, they 
can give you Early English or Early French, Decorated or 
Perpendicular, conventional ornament or natural—as you please; 
in which case you get either the ordinary copies of old work, or 
thin metal-like looking stuff, that proviucial papers go into fita 
about, assuring their readers that the eulighteued carvers in fine 
frenzy roamed all the woods and hedges in the neighbourhood, 
and immortalised every weed. But in the case of the hawthorn, 
for which the puzzling addition of conventionality was requested, 
in thia instance, it was evident by the results of the competition 
that this was understood to mean that it was to be aa unlike 
the real thing as possible, and the getting a spray of the plant 
to look at waa deemed to be perfectly unnecessary. 

Now to make in stone a good conventional .copy of a leaf 
requires no search into innate consciousuess, but simply to have 
a leaf before you, to select such features of it as can be well repre- 
sented in the material, and to omit those that cannot be so. You 
can give the outline and form, then let us have it accurately and 
truly—but the thinuess, leave that to the metal-worker. You can 
give the general modelling; be careful to give this truly—-but not 
the minutis, which in the position your work is to occupy would 
be lost, or look finicking. We do not care for the jagged edges and 
veining on the surface,—give us the heart and spirit of the thing, 
the flow and the grace of the curvature. Do not let your leaves 
loll about, but be planted firmly on their stalks; and let the stalks 
be well rooted at their base, and spring as if they would go straight 
upwards uutil dragged down by the weight of the leaf, like a piece 
of whalebone with a stone at the end; then you will get a line like 
those in the draperies of the early painters of Italy. Attend to 
this, particularly in the steniming of the horns of foliage in the 
bells of your capitals, which are always right in old work, and al- 
ways wrong in modern. And last, and not least, get gradation every- 
where; for if you take sections through different parta of either 
leaf or stems of good class, you will find it never in two places 
alike, and always to have a clear, definite, and beautiful curvature; 
while you may cut across a modern stem in a dozen places, and 
hardly find the section vary, aud oue taken through the leaf 
generally resembles that through a dilapidated batter-pudding. 
The true and somewhat fair excuse for this hurry and want of 
precision in moderu work is the competition, which forces a large 
amount of work to be done iu a very limited time and for a very 
small price. Now architects have the remedy in their own hands: 
let them be content with a very little ornament, if necessary, and 
seek quality instead of quantity,—there is plenty of talent ges. 
our carvers, they only waut to be shown what is wanted, an 
fairly paid for doing it, aud they will soon be able to do it. But 
then architects must be able to show them what they really do 
require, and muat learu to design and model themselves before 
they can teach others. 

Better however than the best of foliage, is art that tells a tale, 
and expresses something more than dumb nature, however well 
it may be conventionalised; let us therefore determine to get as 
much as we can of sculpture and painting of a higher class into 
our buildings, then we can spare some of the foliage; but what- 
ever we have, let us take care that it be of the best. 


————iá!————- 


THE ECONOMIC CONSTRUCTION OF GIRDERS. 


(Continued from page 233. ) 
GIRDERS OF GREAT SPANS. 


Ix our last paper we arrived at the formula for the weight of 
a double girder, 


_ SK(W,+F) 
Ga 0000 C 
and from this we drew some general conclusions as to the ulti- 


mate spans. 
We have now in the first place to determine the values to be 
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assigned to F for given spans; F being the total dead weight of 
the portion of the complete structure required forone line of 
railway, exclusive of G, the weight of the bare girder. 

The most anomalous part of the structure is that addition to 
the girders rendered necessary by their having to act in the 
secondary capacity of booms to the fabric, when engaged in re- 
sisting the lateral pressure of the wind; the webs in this action 
being represented by the atrata of horizontal bracings. 

Misled by the minuteness of this additiou when the span is 
short and a considerable width is given to an openwork struc- 
ture, we spoke of it as of such moderate amount that it might 
generally be treated as covered by the value 3:5 taken for the 
factor of safety; in extreme or peculiar cases alone a separate 
provision becoming necessary. Actual calculation has however 
pointed out to us that this addition becomes so very considerable 
as the spans increase that, although doing so mars the simplicity 
of the investigation, we must make an independent allowance 
for it. 

Notwithstanding this modification in our views, we still con- 
sider that the general factor of safety should be taken of a uniform 
value (3:5) for cases in which the dead weight amounts to more 
than a certain percentage (71:4) of the movable loading. Any 
apparent excess of strength that this may give for the girders of 
the longer spans will probably be required to counteract the 
greater destructive effect of the wind, arising from the virtually 
increased suddenness of application, and the increased chance of 
the wind impulses corresponding with the oscillations of the 
structure. 

The metal added to the girder, to resist the longitudinal 
streases resulting from the lateral action of the wind, may for one 
double girder be represented by the letter E. This is generally, 
but not necessarily, incorporated with the booms of the girder. 
It isto be remambered that E is to be treated as part of F, not of 
G; G must be taken for the weight of those parts alone which 
are directly employed in supporting the whole weight and loading 
acting vertically. 

The amount of E will vary so much with the nature of the 
structure that any formula for it must be of limited applicability, 
and employed with caution; we shall endeavour however to 
arrive at one which will be suited to the general arrangement we 
have chosen for bringing out the comparisons—viz., two double 
openwork girders placed 27 feet apart from centre to centre, 
prepared for the support of a double line of railway at the lower 
level. 

The resistances to the wind will consist of that offered by the 
structure itself, and that by the trains; estimating these by their 
amount per foot run of span, the latter will be constant, but the 
former will increase somewhat with the span, the sum of these 
resistances, which we may denote by the letter r, will be pretty 
accurately represented by this formula:— 


Resistance to wind in] — — 1 ecl 
tons per foot run... f =7= joo / S 16 (4) 


The whole side pressure on the structure will be — Sr, therefore 
the sum of the stresses induced in each girder at the midspan 
will be— E 

H 
8x27 — 816 (5) 
This is to be distributed between the two booms of each girder, 
and as it may be either, a tension or a compression, according to 
the direction of the wind, we must estimate the portion taken 
by the lower boom as a tension, and the portion taken by the 
upper boom as a compression. If the roadway be at the lower 
level, considerably more than the half will be brought upon the 
lower boom; but for our present purpose we do not need to 
determine the proportions in which it is dealt out to the booms, 
since to cover the expense of material for joint-plates, loss by 
rivet holes, &c., we may take the same allowance of metal for the 
resistance of compressive and tensive stresses—say one inch for 
every four tons. The whole stress then divided by 4 gives us 
S*r—-864 as the sum of the additions to be made to the sections 
of the booms of each girder at the midspan. Now the booms 
being otherwise strong at the extremities, we may calculate the 
additions made to the sections at other parts of the span as in 
exact proportion to the stresses; therefore the total increase of 
weight in the booms will be given by this formul® E being the 
increase of weight in tons for the whole of the double girder— 


=Sr 
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864 Sir= 864000 (6) 


The following table will give an idea of the importance of these 
additions:— 


E= 3 SX00015x 


TABLE I. 
: : i of weight 
Bpan, in foot r intone. E inog inches, or E, in tna 
100 J.... :200 . ..... Ql ous 0:23 
200  ..... QAI — au 1111 2:22 
300  ..... + 278 2811 .— 8:40 
400  .... 300 5555 | ... 22:22 
5600 -..... Kr .... 9372 na 46:86 
,600 J|... "845 ...... 1487  .... 86:22 
700 J .... "83865 o 207:0 |  .... 144:00 
800  ... 383 /— e. 2886 226:88 


Tue HORIZONTAL AND TRANSVERSE BRACINGS. 


We have now to calculate the weight of these. The horizontal 
bracings may be arranged in two or more strata. When the 
number is more than two, that is when, besides the bracing at 
the top and bottom of the girder, one or more bracings at inter- 
mediate heights are introduced, part of the metal E treated of 
above as generally incorporated with the booms must be detached 
therefrom, and affixed where the horizontal bracings join the 
web. The existence of intermediate strata will strengthen the 
struts of the web, but may occasion the consumption of some 
more material in the horizontal bracings themselves; which how- 
ever will be compensated by a saving in the transverse pr n 

In the principal stratum of horizontal bracing, or that at the 
level of the roadway, some saving may be effected by making use 
of the transverse girders as struts, 

In very many cases a considerable saving of material will arise 
from making the parts of a horizontal bracing double-acting, so 
that every part will be of use, on whichever side the wind may 
blow. This saving will become more significant the greater the 
stress to be conveyed, since the efficiency of the parts to act as 
struts becomes thereby greatly augmented. The saving on this 
account in large structures (the lengths of the parts being nearly 
constant) is so important that it may be looked upon as fully 
counterbalancing the increase in the value of r, as exhibited in 
Table I. We consequently find that a very simple formula will 
express with sufficient accuracy the weight of the horizontal and 
transverse bracings, taken together and estimated very liberally. 

Weight of horizontal and transverse | qs. 8000 
bracings for each line of railway... } es (7) 
The results for various spans will be found in col. 3 of Table II. 


Tue TRANSVERSE GIRDERS OF THE ROADWAY PLATFORM. 
If these are made pretty deep, and placed, say 6 feet apart, we 
may take them with fastenings complete at 1:8 ton each; this is 
equivalent to 0°15 ton per foot ruu for each line of railway. 


Tur PLANKING, LONGITUDINAL Bearers, &c. or TIMBER. 

We may take the united sectional area of these at 12 feet for 
the whole bridge, which with an allowance for fastenings, and a 
protecting coating of sand &c., may be estimated as amounting 
to 0°15 ton per foot run for half the width of the bridge, or for 
one line of railway. The total roadway platform, &c. which con- 
stitutes the constant portion of F, may then be estimated as 
follows, for one line of railway, or per double girder. 


Transverse girders ... 0°15 per foot run 

Planking, balks, &c. 015 5 

Permanent way... 0:06 » 

Handrail 0:01 » 
Total 9037 


Weight of roadway platform, permanent way, including safety 
rails, &c., and all other dead weight excepting G, E, and the 
horizontal and transverse bracings, , 


(8) 


=SX0°37 
And therefore oe 
S? T 
=E+ — +0378 s - (9) 


The following table exhibita some of the values in tons of F 
and its components:— 
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TABLE II. 

Span. E. Hand T bracings. Platform, &c. F. 

100 0:23 + 125, + 87 = 98:48 
200 2:22 T 6:00 T 74 = 81-22 
300  ...... 8:40 + 1125 + 111 = 18065 
400  ..... 22:22 + 20°00 + 148 = 19022 
5600  ...... 46:86 + 383125 + 185 = 263-11 
600  ..... 86:22 + 45°00 + 222 = 85322 
700  ..... 14490 + 61°25 + 259 = 46515 
800  ...... 226:88 + 80°00 + 296 = 602°88 


We now proceed to ascertain the values of k for various struc- 
tures, treated with different values of the factor of safety. 


we whereiu W represents the whole 
load supported, and supposed to be uniformly distributed over 
the span. 

Lat te first take, as perhaps the simplest possible exemple a 
solid rectangular bar of wrought-iron; and let us assume thata 
bar one inch square placed on supports one foot asunder becomes 
destroyed, for all practical purposes, by a central load equal to 
one ton, or two tons spread uniformly over its leugth. Then 
calculating our elements for such a bar we have, G = ‘0015 ton, 
W=2°0015 ton, S=1. And therefore 

0015 
k= 55915 = 000749 
And /4,4,—3) k,—:002622. 
The ultimate span to which such a ber could be extended 
without breaking down under its own weight, supposing no 
lateral disturbing cause such as the wind to exist, would be 
—1-—000749— 1335 feet. And the utmost span to which under 
similar circumstances such a bar could be extended, so that the 
factor of safety should not descend below 3:5, would be 
=1+002622=381 feet. 

If the effecta of the wind were introduced, these ultimate spans 
would undergo reductions, according to the narrowness of the 

In the above example the span is twelve times the depth. To 
show, in a simple manner, the influence of the ratio of the depth 
to the span upon the value of &, let us take the rectangular 
of double the above depth. Fora bar 2 inches deep, say 2 inches 
wide, and 1 foot span, we have G=-006, W or the distributed 
Eeeeking. weight = 2 tons X breadth Xsquare of depth=16 tons, 
S=1. Therefore 


006 : E 
k= 16006 = 000375, and ult. span=2667. 


bris latter bar has therefore double the economic merit of the 
other. 

As another example, let us take the Conway tube The cal- 
culation of the value of & for this is rendered a great deal more 
complicated by having to consider the amount E, of the material 
abstracted to resist the wind-induced stresses. We shall, in the 
first instance, assume that no wind will act upon it. Taking 
then W, or the total dead weight=1112 tons (this is the same as 
in our calculation at page 194, but must be an underestimate), 
and W,—400 tons, we found T to be equal to 7:18 tons, and 
C=5'05 tons; so that the factor of safety, as measured from the 
tension, is—19-—-7:18—265 nearly. G may here be takeu equal 
to 1050 tons, no value for E, but only keelsons, &c., which are 
not directly concerned in the girder action, having to be deducted. 
We have then F=62, W=1512. And therefore 

* 1050 
ad isizx4oo- 091736, 
k,="000655, and k,.,—:002293. 
And the ultimate spans (the proportion of depth to span— 1:18:35, 
page 234, being maintained) would be as follows:— 


Formula (2) gives us k= 


With factor of safety=1, Ultimate span==1527 feet 
” ” 2°65, » 576 
» » $:5, » 436:2 


We see then tbat even were no such antagonistic force as the 
wind to exist, it would be almost impossible to construct the 
Conway tube with a sufficiently high factor of safety, the 
economic merit of the struçture being so low; with a value of 
h,.,—:0022925, S=400, W,—400, and F'=62, we find by formula 


(2) the weight of G alone to be= poti X462—51523 tons. 
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We offer the following as an approximate calculation when the 
effect of the wind is to be allowed for. At 196 it was shown 
that the wind estimated at 30 lb. per superficial foot causes, at 
the edges of the booms, a streas of tension T equal to 1-875 tons, 
or eT=1'4 tons. Now here occurs the principal difficulty in the 
calculation; we require to fix upon a certain factor in computin 
the amount of E to be abstracted to resist the wind-indu 
stresses, but this factor should evidently bear some relation to 
the factor applied to the stresses produced by the vertical pres- 
sure of the total weight suppo If we demand for E, 1 inch 
of sectional area for every 4 tons of stresa, although thia is 
reasonable in itself, it would be out of all operum to the stress 
to which the remaining material would be subjected by the 
vertical pressures; this t discrepancy being caused by the 
excessive weakness of the structure. e shall, therefore, give 
the results for different ratios of section to stress. 

lst. When E is calculated at the rate of 4 tons per inch (tbat 
is for C and eT, but not to cover joint-plates), the wind stresses 


appropriate the -4 part of the whole section at the midspan, or 


503 inches; and the weight of the iron thus taken from G will be 
zs 3:003 x 400x:0018 ton — 201 tons, to which we may add 49 
tons for the proportion of joint-plates; this makes E=250 tons; 
F will therefore be 62-1950 —312 tons, and G—1050— 250—800 
tons; W,—400, and W,=1112, as before. And to obtain the 
value of the factor of safety, since the metal left for girder action 


is oy=(1- 4#) =F of that which gave T=7'18 tons, the 


value of T will now bezz7:18— m6 1105. The excess of T here 


iven over the value 9:053, obtained at page 196, arises from the 
iscrepancy above referred to. From these data we readily 


deduce the following factor of safety= as =172, 
800 


hvn7 151g x 400 7 001323 


k = 000769 
kys = "002692 


The ultimate span with this latter value (which corresponds 
with the proper factors of safety) would be only-1--:002692— 
371} feet. Showing that it would be altogether impossible to 
construct a bridge on the system of the Conway tube—having an 
effective depth like it of less than 1-18th of the span, which with 
& movable loading at the rate of 1 ton per foot of span, and sub- 
jected to a windstorm equivalent to 30 fo. on the superficial foot, 
would still have a factor of safety equal to 3:'5—unlese the span 
were under 3714 feet. 

2ud. When E is calculated at the rate of 6 tons per inch, the 
part of the midspan section appropriated amounts to 335 inches; 
so that, T being now equal to 718-8 x 4 9365, the factor of 
safety against gravitation will have a value equal to 19---9:365— 
2:03 nearly; and E, taken with the same proportion for joint- 
plates as before, amounts to 167 tons; therefore G—883 tons, and 


883 
ra= 1519x400 — Ol. 
This is a very near approximation to the true state of the 
Conway as calculated at 196; we there have the factor of 
safety=19+9053=21 nearly. The corresponding value of k 
will be given with sufficient accuracy from the above—thus 


21 
ker= 553 X 00146-00151, say =0016. 
From this we obtain approximately the ultimate span for the 
Conway tubes under their present condition of stress, &c., 
= 1 — 0015 = 667 feet. 
We might proceed to fimd stil more exactly the value of k,, 
for the Conway, but it is not of sufficient consequence, since suc! 


would not be applicable to other spans, without a separate esti- 
mate of the value of F for each. m 
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We shall now endeavour to arrive at correct values of k for 
openwork girders, such as described at pages 150, 164, &o., having 
a depth equal to 1-8th of the span. 

When the span is short, the factor E may be neglected; and 
therefore G becomes identical with the weight of the girder. 


3 
Consequently we have, G=tabular number X ( 3) 


For these girders, W, ia tons, W,—S tons, W=1}5S tons, 
and the factor of safety calculated from the moat severely stressed 
parts is as nearly as may be—4. Therefore 


G S\:, 1 

k= ws =Tab. number x ( a) -149= 96 of Tab. number 
1 

i097 Tab. number. 

For the lat and 9th forms (page 164) with the load at the 
lower level, the tabular numbers are respectively 1078 and 1010. 
Consequently the values of k are as follow:— 

First form... — .. ky='000281 ` k, „= "000983 
Ninth form k,—000268  k,,—:000921 

It has here been assumed that the allowances of metal in pro- 

rtion to stress are the same for any span. "The correctness of 

his will be apparent, when we consider that W, the total load 
supported, increases much more rapidly than the span; and if 
exactly the same pattern of girder were retained, would warrant 
an increase in the value of C for the bracing struts, As however 
it is necessary to provide a greater number of points of support 
to the roadway in long spans, it becomes necessary either to 
supply suspension rods, or to cut up the simple bracing into one 
or more series, the result being that, as salo in Prop. IIL, page 
233, so long as the general character of the structure is retained, 
the weight G varies as Sx W. Of course, we do not mean that 
this holds good with perfect exactness, but it is sufficiently accu- 
rate for the purposes of a poneral view of the subject. The value 
of k may then be obtained from any size of bridge, since it only 
expresses inversely the economic merit of any particular form of 
construction. As some readers, from not having sufficiently 
studied the previous articles, may not see very clearly how the 
above values of k have been obtained, we here offer a general 
approximate estimate of the weight of a double girder. 


ESTIMATE OF THE WEIGHT OF AN OPENWORE GIRDER, HAVING 
A DEPTH EQUAL TO 1-8TH oF THE SPAN. 

When the loading is assumed to be concentrated at the level 
of the upper or lower boom, the stresses produced in the corre- 
sponding bays of the two booms do not agree; thus, in Table X., 
page 149, the stresses in the central bays of the upper boom 
amount to only 27:5 units, while in the corresponding bays of 
the lower boom they amount to 24. Now in all such cases it is 
the greater stress which is given by the common formula—viz., 
stress in booms— WS--8D; and the more numerous the series of 
bracings and the greater the number of triangles in each series, the 
more nearly will the stresses in the two booms correspond with one 
another; and it may be remarked that the stresses at the actual cen- 
tre of the span are both really the same as given by the formula. 
This is a point of some importance when,as in Table XL, the lower 
boom has its central bay leas strained than its central joint; in 
such a case the joint-plates must be of extra thickness compared 
with the plates. Let us assume, then, that the formula gives the 
central stresses with sufficient accuracy, the error will be on the 
safe side, and will most affect the shorter spans. The central 
sectional areas will be equal to WS--8D.C for the upper, and 
WS-4-8D.eT for the lower boom. Now if we could vary the sec- 
tions in proportion to the stresses, the average sectional areas 
would be two-thirds of these central ones. We can, with some 
approach to accuracy, apportion the séctious to the stresses to a 
considerable distance on either side of the midspan, but there are 
various practical objections to reducing the seotions towards the 
extremities below a certain percentage of the central ones—we 
may take these limits at about 65 per cent. for the upper, and 35 
per cent, for the lower boom. The resulting average sections are 
about 75 per cent. for the former, and 70 per cent. for the latter, 
and the amounta to be added for joints and riveta about 15 and 
20 per cent. respectively; the top being understood to be built 
up of plates and angle-irons, and the bottom of bars without 
longitudinal lines of riveting. The weights of the booms will 
therefore be as follow, C and eT being taken equal to 3} and 
4 tons respectively :— . 


A= oa Tab. number, and &,.,— 
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Weight of upper boom, " 
WS X158 X 1:15 x 0015 ton = 5 -00004975 (10) 
= spay X 758 x 115 x => Pads 
Weight of lower boom, 
3 ws? 
qu X TOS x 120 x 0015 ton = => -0000894 2 Q1) 


78D4 
When D—14 8, these become respectively 
WS8Sx 000398 and WS x'000315. 


The Bracing—When all the loading W is assumed to be 
transmitted through the bracing (this rather exaggerates the 
effect of the loading), then the braces at one end of the structure 
are altogether conveying a stress—3à W sec 6, and the length of 
each series of braces is—S sec 4. We may assume one-half of 
the braces to be struts, and the other ties; and if all the struts 
were retained of the same sectional area throughout the span, . 
their total weight would be—l WS sec 0 sec x'0015-—- C, and 
similarly the weight of the ties would be equal to the same with 
eT substituted for C; and when 6= 45°, these weights would 


me,— 
Struts= = X00075  "Ties— hi X00075. 


Now ifall theloading were fixed or constant, and the sections every- 
where madein proportion to thestresses, the average sections would 
be equal to half of the sections at the extremities of the girder, 
and consequently the weights equal to only half of the above. 
Practically, we may take the average section of the struta at 70, 
and that of the ties at 60 per cent. of the strongest, and allow for 
rivets and extra lengths 10 per cent. for the former, and 5 for the 
latter; so that, taking C—24 and eT—3], we have 

Weight of bracing struts, . 


=°7 "s x :00076 x 1:10 =WS x :000231 ton ... 
Weight of bracing ties, 
Ww 
= 6 23 x 00075 x 1:05 = WS x ‘000135 ton ... 


35 
Total Bracing = WS x ‘000366 ton. 


And for the total weight of the girder we therefore have 
Upper boom... is "S Jsi ses = WSx-'000398 


we (02) 


... (18) 


Lower boom... sis ies Ri ses = WSx-000815 

Bracing EM 2 oss = WSx-:000306 
Total of girder taken —S long, and without] _ F ET 
end pillars - s a ies = WSx:001079=G 


r G 
Now since k— we’ 
k3.5='000945. Which results are sufficiently confirmatory of 
those obtained from the tabular numbers. 


we simply have k,—'00108, 4,=="00027, and 


Let us now inquire what reduction can be made upon the 
values of k, by employing superior materials, greater depth, &c. 
From the reson investigation, we find the relative weights of 
struts to ties as followa:— 


Struts of bracing = :000231 Ties of bracing = ‘000185 
Top of girder = :000398 Bottom of girder = °000315 
000629 000450 


Now, if we adopt steel for the ties, we may reduce the sections 
to one-half; and by selecting a suitable variety of hard wrought- 
iron for the struts, we may reduce their sections by, say 15 per 
cent. The changes are as follow:— 


Weight of Girder 
Proportional Weight of Girder when steel is used for the ties, and 
when ordinary wrought iron is used. wrought-iron for 
the struta, 
Struta... 629 Struts we 535 
Ties ... 450 Ties 225 
Total 1079 760 


A corresponding reduction will take place in the values of &. 
Assuming the somewhat exaggerated value ‘001 for k,., in ordi- 
nary wrought-iron girders, with a depth equal tg 1-8th of the 
span, we have the following changes:— 


Ordinary wrought-iron, Steel and selected iron. 
k,, = ‘001000 k,, = :000705 
k,., = *000286 k,., = °000202 
kyo = “000857 kyo = :000604 
ky, = :000600 Ep, = 000423 
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By increasing the depth of the structure, we may obtain still 
lower values of k: there are however objections to carrying this 
source of economy too far. 

We have seen that the weight of the booms, compared with 
that of the bracing, is nearly as 2 to 1; if we increase the depth 
from 1-8th to 1-6th of the span, we reduce the stresses in the 
booms in the proportion of 2 to 1}, while the weight of the 
bracing, if we can retain the same values of C, is not affected, the 
whole weight of the girder is therefore reduced in the proportion 
of 3 to 25, assuming the values of C and eT to remain unaltered; 
this would five us, when steel and selected wrought-iron are 
employed, the values of k as follows, k,—'00017, k}, —'00035, 
k,—'00050, and k,.,—'00059. 

For short spaus it might be far from economical to make use 
of expensive steel and selected iron, but when we have to deal 
with very loug spans, the ultimate saving of expense from their 
‘adoption will be very great indeed: this will be evident from an 
inspection of the values of G, in Table 1V. 

When, on the other hand, we diminish the depth of the girder, 
we increase in very nearly the same proportion the weight of the 
booms, without affecting very materially that of the bracing. 
Taking, for girders having a depth equal to i-8th of the span, 
k, ,—001000 as a standard, and estimating in this manner the 
weights for other proportions, we get the following values of k 
for openwork girders of good ordinary wrought-ironwork. 


TABLE III. 
Ratioofspanto depth. i, ks, kso kys 

6 ... :000238 ... 000500 ... :000714 ... -000333 

8 .. -000286 *000600 *000857 *001000 
10 ... -000334 *000700 *001000 *001167 
12 ... :000381 *000$00 *001148 *001333 
14 ... :000429 *000900 *001286 *001500 
16 ... :000476 001000 001428 001667 
18 ... 000524 *001100 *001571 *001834 
20 000571 001200 001714 *002000 


From defects of this method of deriving the weights, the values 
in the table for the shallower girders must be considered some- 
what exaggerated. 

We may now offer an example of the complete calculation of 
the weight G, of the whole of one double girder, and of the half of 
the complete viaduct for two lines of railway. Let S be taken 
equal to 400 feet as in the Conway tube, then W,—400 tons, and 
by Table IL, E—22 tons, and F—190 tons; therefore, when k,, 
is taken—'001, we have 


4 
G= „Zg (Wit F)= = 590—393 tons; 


Complete girder or G --E—415 tons. 


Share of complete structure due tooneline) _ ES 
of railway, including timber, &c. ......... } = OTE She tonn. 
This is a very satisfactory result to contrast with the 1112 

tona of the Conway, when we bear in mind that the factors of 

safety are respectively 3'5 and 21. 

A fairer comparison will be given by adopting a factor of safety 
equal to that of the Conway—viz., 2:1; although this will still be 
bat la towards the deep openwork structure, in so far as the 
value of F is unduly high when such a factor is employed. 

With a factor—2:1, and ordinary good iron, we have seen that 


ky, =="0006; so that G= T 590—186 tons only, showing the great 


influence which the value of k has upon the weizht of very long 
girders.  G--E—208 tons, and G+F=376 tons instead of 1112 
tons. By the employment of steel and selected iron, and a depth 
equal to 1-6th of the span, we have shown that kp, might be 
reduced to about 00035. This gives us 


a= 590—95 tons, G--E—117, and G-4+F=285 tons. 


The adoption of such a structure as this, though showing the 
same general factor of safety as the Conway tube, would not of 
course be advisable. Let us see what is the lightest that might 
be recommended. Many ig ec believe that a factor—3 gives 
ample surplus strength in large structures. Now the value of 
ky, when steel and selected iron are used, along with a depth 
ual to 1-8th of the span, is—:000604. Consequently, for a span 

of 400 feet, we have 
400 x 000604 


= 1—400 x 000604 


'2416 
(W,F)— 7584 590 = 188 tons. 
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Complete double girder ése 
Half of complete! structure, fitted 
for two lines of railway, includ- } = G+F = 378 tons. 
ing timber, permanent way, &c. 
With ordinary iron, &,—:000857, and hence G=3Q8, or 120 tons 
more thau when superior materials are employed. 

lt then appears that, by employing an openwork structure 
having a depth equal to 1-8th of the span, the Conway tube, with 
a factor of safety equal to only 2'1 and weighing more than 1112 
tons, could have been replaced by any of the following:— 

l. A structure composed wholly of wrought-iron except the 
planking and other timbers of the roadway, which including 
timber, permanent way, &c., would, with a factor of safety also 
equal to 2:1, have weighed only 376 tons. 

2. A structure as above, but with a factor of safety equal to 
3, which would have weighed only 498 tons. 

3. A structure as above, but with a factor of safety equal to 
3:5, which would have weighed only 583 tons. 

4. A structure composed ‘of steel and selected iron for the 
girders, and ordinary iron and timber for the other parta, which 
with a factor—2:'1 would have weighed only 310 tons. 

5. A structure as above, but with a factor equal to 3, which 
would have weighed only 378 tons; or 

6. A structure as above, but with a general factor of safety 
equal to 3'5, which would have weighed only 422 tons. 

These facts have to some considerable extent been long known 
to a few; yet the pale has been led to regard such structures 
as’the Conway, Britannia, and Victoria Bridges with pride. 
Another geueration may, with more reason, classify them—at 
least in so far as the superstructures are concerned—as perba 
the most expensive engineering blunders of the century. In the 
ease of the Victoria Bridge however, all must admire the bold- 
ness, skil, and success attendant upon the founding and 
rearing of its piers of masonry in the rushing stream of the 
St. Lawrence. 


= G+E = 210 tons. 


Taste IV.— Containing the Values of G in Tons, corresponding with 
given values of k and S, and with the values of F given in Table II. 


Span in fect=| 100 | 200 | 300 | 400 | 500 | 600 L 

Value in tous| 

of W,4F, s 
being whole | -138 | 281 | 431 | 590 | 763 

load supported 

oleo = 

Values of k, Valuea of G. 
*0005 7-3 | 31:2. 79-6|147:5| 254 | 408 | 627 
*U906 8:8 | 38:3. 94:6j 186 | 327 | 536 | 843 |1295 | 1667 
*0007  |10:4 | 41:0115 | 230 | 411 | 690 |1119 [1786 | 1429. 
*Qu09 — [12:0 | 53-5136 | 278 | 509 | 880 |1483 |2294 | 1250. 
*0009  |13:6 | 61:7159 | 332 | 624 ,1119 |1930 |3608 | 113% 
-0010  |15:3 | 70:385 | 393 | 763 1430 |2718 1000 
-0012 |18 8 | 88:7,242 | 545 |1144 (2451 | ... 838 
*0015  |24 4 /120° |353 | 885 |2289 (8577 OCT 


-0020 2360 


Having obtained the values of G, as in Table IV., we can readily 
ascertain the weight of the complete girder, or that of half of 
the complete structure for two lines of railway, by simply adding 
the values of E or F contained in Table II. We give the follow- 
ing examples, in which &k—'001. 


TABLE V. 

Span in feet ... =| 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 
Gin tons... ..| 15:3, 70-3| 185 | 393 | 763 11480 |2718 5612 
Girder complete, or 

G+E_... 15:5. 72-5| 190 | 415 | 810 |1516 12863 5839 
Bridge complete pe: 

line, including tim- 

ber, kc. =G+F=| 58:8151*5| 816 | 583 |1026 |1783 |3183 (6215 
Total load supported 

by the girder — 7 : 

= W,tF+G =/154 (252 | 616 | 983 [1526 |2383 |3883 |7016 

Edinburgh. RHB 

——9———— 
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ON THE ESTABLISHMENT AND MANAGEMENT OF 
COTTAGE IMPROVEMENT SOCIETIES 
By W. A. GaxzeNHiLL, M.D. 


AT the recent meeting in London of the National Association 
for the Promotion of Social Science, some very interesting and 
useful remarks were made upon the improvement of the dwellings 
of the labouring classes, by Dr. Greenhill, who, from his personal 
experience in connection with societies having this object, is 
especially qualified to convey information respecting the best 
means of establishing and conducting them. The importance of 
this subject induces us to make the following extracts:— 


“Tt is unnecessary to urge the importance of attending toa poor 
man's house, if his social, physical, moral, and (it may even be 
added) spiritual welfare is aimed at—for this you have often heard 
before; neither is it advisable on the present occasion to speak ou 
the actual construction of the dwellings—for this subject also has 
been largely treated of bv persons better qualified than myself. 
We will therefore go on to the next stage of inquiry, and con- 
sider in what manner the requisite amount of suitable accommo- 
dation for the poor in this country can best be provided. 

It should be stated that the following observations relate only 
to town populations. I have had no experience of agricultural 
districts myself; bnt from what others have said and written on the 
subject it would appear that there are so many important diffe- 
rences between town and country cottages that the same remarks 
will hardly apply to both. These remarks, therefore, are in- 
tended to relate to towns only; and first of all it may be better to 
mention (but iu a very rough and general way) what amount of 
money may be considered necessary in order to effect the object 
mentioned above. Probably about £5000 for each 1000 inhabi- 
tants would be wanted. This calculation would, of course, 
require to be modified very considerably in different towns, and 
also in different parts of the same town; but perhaps it may serve 
for the basis of our discussion on the present occasion. It will 
also be borne in mind—firat, that this money will not all be 
wanted at once; and secondly, that it is not meant to be sunk, but 
to be profitably invested. Nevertheless, this calculation, if 
adopted, would require in each town a large amount of capital: 
in Manchester, Liverpool, and Glasgow, upwards of £2,000,000 
would be wanted; in London about £15,000,000 would do all that 

is absolutely necessary. The next question is, How is this enor- 
mous amount of money, required for the whole country, to be 
raised] for, though the greater part of it is already invested in 
small tenements, yet it will be necessary for almost all this class of 
property to change handa: and who are to be the purchasers? In 
this country little or no assistance must be expected from the 
Government. Large manufacturers may do (and in some cases 
have done) a good deal by providing suitable accommodation for 
their own workmen without any pecuniary loss to themselves, 
and with much indirect advantage in several ways. Private 
benevolence may do a little, for, according to the above cal- 
culation, even £150,000 would thoroughly renovate only one 
small town of 30,000 inhabitants. And upon the whole, it 
seems very doubtful, however much the habit of saving money 
deserves encouragement amongst the poorer classes, whether any 
great sanitary and moral advantages are obtained by enabling 
them to become the purchasers of the houses in which they live. 
Neither can we depend on being able to persuade many of the 
present owners of cottage property to carry out the necessary 
repairs, when the doing so will in most cases involve a pecuniary 
loss. So that altogether it would seem that joint-stock companies 
&Hord the best means of raising the necessary capital, besides 
possessing varions other advantages which need not now be more 
perticularly mentioned. It will not, therefore, be out of place if 
a few observations are offered ‘Ou the Establishment and 
Management of Cottage Improvement Societies; for certainly, if 
if we may judge from the numerous failures that have taken place, 
the subject must be considered to be still imperfectly understood; 
and, on the other hand, it is these very failures that have been 
one of the chief discouragements to the cause of house-improve- 
ment tliroughout the kingdom. "There seemsto have been a sort 
of revolution in public opinion on this subject. At first it was 
thought to be very easy both for philanthropic individuals and 
fer Societies to improve the dwellings of the poor without loss to 
themselves. After a time this was found not to be the case—so 
much so, that a few years ago it was by most persons believed to 
le impossible for a society to pay the shareholders a fair dividend; 
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and those who consented to advance money for the purpose of 
estalishing such a society, said candidly that they looked upon it 
as so much given away iu charity, or (commercially speaking) as 
money lost, But we may profit by the experience of the last few 
years, aa well as by that of the earlier period alluded to, and the 
general result may perhaps be stated as follows—viz., that those 
who think it an easy thing to establish and manage a successful 
Cottage Improvement Society will probably still find themselves 
mistaken; but that, on the other hand, this, like other difficult 
things, is quite possible if it be done properly. And in order to 
do the thing properly, what is wanted? The answer is brief, but 
comprehensive:—1. Sufficient money; and, 2, Competent mana- 
gers—on both of which points it is necessaay to say a few 
words. "EA 

First,— as to money, we may here safely follow the advice in 
Horace, 

—— —— —* Rem facias, rem; 
Si possis, recte; si non, quocunque modo rem." 
Which may be freely translated as follows: ‘ First, get your 
capital; if you can, get it recte, ie, by a small number of shares 
of large amount, all fully paid up; if you can't manage this, then 
get it quocunque modo, i.e., by debentures, or preference shares, or 
mortgage, or loan, or gift (for humble followers of Mr. Peabody 
may occasionally be found iu the provinces as well as in the 
metropolis), or however you can; only be sure you get the 
greater part of your capital paid (or promised) before you 
seriously commence operations. You need not necessarily have 
much to begin with, and in fact it is better not to have at first 
more than is absolutely necessary, for you will then be more 
likely to manage it economically, and the temptations to extrava- 
gance in the establishment of a new company are manifold. No 
general rule can be laid down as to the [e mode of raising the 
uired capital. 

ometimes the money can be got in sums varying from £100 to 
£1000; sometimes it is easier to get it from a larger number of 
much smaller shareholders. In short, whatever appears to be 
the easiest and cheapest mode of raising the capital in any par- 
ticular town, may be considered the best; for economy in such 
a Society is a great virtue, and, even if everything goes on well 
the management is sure to require so much attention that it will 
be advisable to spare the promoter (or whatever his title may be) 
all the trouble that you can. There is one advantage connected 
with small shares that deserves to be mentioned, and that may in 
certain cases be considered to be more than an equivalent to the 
t increase of trouble in working the machinery of the society. 

he company (if successful) will serve as a sort of savings’ bank 
for a poor man’s earnings, which will not only pay him a better 
interest than the ordinary savings’ banks, but also enable him to 
enjoy the satisfaction of making his capital useful to his brethren 
without loss to himself. (It will be noticed that it was said 
that the society, if successful, would afford the poor man 
this advantage; for it must be confessed that hitherto Cottage 
Improvement Societies have generally been supported only by 
persons to whom a slight pecuniary loss was no object.) How- 
ever, if people have confidence in the promoter of the society, 
there will generally be no difficulty in getting together money 
enough to enable you to begin; and after that, if people see that 
the society is properly mauaged, there will generally be no diffi- 
culty in increasing your capital to almost any extent you please. 

Second,—-But now comes the second question. What ie the 
proper management of such a society ? A Cottage Improvement 
Society, if strictly private, may be said to be properly inn 
when the directors are able to fulfil, at least 'to a considerable 
degree, the duties they owe both to the shareholders and to the 
tenants; if the society goes a step further, aud ceases to be a 
mere private partien p; there will be certain additional duties 
required by the public. In both cases it may be safely affirmed 
that it is generally far easier to get together the money required 
to establish the society than to find competent persons to manage 
it, The whole secret of the success or failure of the society will 
depend mainly on its management; so that, if you cannot find at 
least three or four persons fit to undertake this office, you had 
better not attempt to establish the society at all. 

It is generally found easier by the directors to do their duty 
to the tenants than to the shareholders; at least, there has 
peany been no instance in which the tenants of a Cottage 

mprovement Society have not been much better off than those 
of an ordinary landlord. Indeed, the common temptation of the 
directors of such a socisty is to do for the tenanta too much 
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rather than too little, and to give them expensive comforts and 
conveniences which they are as yet quite unable to appreciate. 
The work of elevating the tastes and habits of the poorer classes 
must be attempted very gradually, or the landlord will be liable 
to constant disappointments, which might have been avoided by 
a different course of proceeding. 

But besides the more obvious duties of the directors towards 
their tenants, which need not be here specified, as they are the 
very objects for which the society has been established, there are 
others which are not always equally practicable, and which are 
sometimes entirely overlooked. The tenants should not be re- 
garded merely as persons who pay you a fair rent for a well-built 
or renovated house, but rather as your poor friends, almost as 
your parishioners, to whom it is both a pleasure and a duty to 
do all the good in your power. Here, again, there will be great 
need of judgment and common sense; but still there cau hardly 
be a doubt but that frequent friendly intercourse between the 
directors and their tenants is a very important means of pro- 
moting the welfare of the society. The directors will also have 
an opportunity of encouraging the tenants to put their money in 
the savings’ bank, or to belong to some friendly society, and to 
send their children to school; they can to a certain extent repress 
vice and immorality, and they can relieve cases of sickness or 
distress as they occur. All this can be done in some towns much 
better than in others; but there is none in which it cannot be 
carried out to a certain extent, and probably no society which 
would not be benefited by it. 

With respect to the duty of the directors towards the share- 
holders, it is mainly summed up in the paying them a half-yearly 
dividend at the rate of not less than 4 per cent. per annum, and 
this (as you all know very well) it has not generally been found 
an easy thing to do. Ifthe result is attained, the actual kind of 
machinery used is of comparatively little consequence, and all 
mere matters of detail may be allowed to vary indefinitely in 
different localities. In one town, where the society is looked 
upon chiefly as a charity, it will be thought very important to 
obtain the co-operation of the clergy; 1n another, where it is con- 
sidered chiefly as a commercial company, their names among the 
directors wil appear out of place. The matter of most import- 
ance is to take care that the utmost possible economy is practised 
both in the establishment and in the subsequent management of 
the society; for it is the ueglect of this caution that has been the 
chief reason why so many societies have failed to make their 
operations remunerative, while private builders have had no diffi- 
culty in doing so. 

Some societies limit their operations to one particular court or 
lane; others are always ready to purchase any suitable property 
that is offered in any part of the town. The latter mode of pro- 
ceeding seems to be preferable iu most cases, and will in general 
be found much the more economical. If you have determined to 

t possession of one particular row of houses, you will probably 

ave to purchase some of them at an exorbitant rate; whereas, if 
you are not tied to any one locality, you will purchase only those 
properties which suit in price as well as in other respects, An- 
other advautage that an Hy itai Society possesses over one that 
has in a manner finished its work, is this—viz., the greater life 
&nd activity and interest connected with its operations, wlien 
there is always fresh property to be purchased or repaired, or new 
houses to be built. In the one case, after the first novelty of 
establishing the society has gone off, its proceedings are apt to 
flag, and lose something of their vigour, from want of constant 
care and attention. In the other case it may be said of the 
society, that 

*Mobilitate viget, viresque acquirit eundo." 

As it is important to pay the shareholders a dividend as soon 
as possible, in order to prove that the new society is worthy of 
some degree of public confidence, it is better to begin by purchas- 
ing old houses that require improvement, but are nevertheless 
inhabited, rather than by building new ones. In the former case, 
the revenue begins to come in as soon as the purchase is com- 
pleted, and the first dividend may be paid within six or nine 
months after the capital has been contributed. In th latter case, 
niuch time is spent in the erection of the new houses, and the 
getting them fully occupied, so that it is generally not till the eud 
of the second year after the establishment of the society that the 
first dividend is paid. Whether in the end it is more economical 
tu renovate old houses or to build new ones may be doubtfal, 
seeing that the expenses for current repairs have been reckoned 
in the former case at about double what they are in the latter; 
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but, for the reason above given, whenever suitable property can 
be procured, it is certainly advisable to commence in this way, 
and indeed to continue the same plan, until the society is MA 
ciently firmly established to be able to bear without inconvenience 
the smaller immediate profits that generally come from new 
houses. 

It is also generally advisable for a new society to begin with a 
small amount of capital, which may be increased from time to 
time as it is wanted, rather than to get together at firat a larger 
sum of money than is needed for immediate use. The surplus, 
even if it be not swallowed up by unnecessary ‘preliminary ex- 
penses,’ is a loss to the society, as being so much unproductive 
capital, on which a dividend is being paid. in the same way it 
will be better to let the first purchase of property be small, or of 
moderate size; if blunders are made, they will be less expensive 
to the society, and when you have learned to manage thoroughly 
a small property, you will be better fitted to undertake a large 
one. Again, if you determine to begin by renovating old pro- 
perty, it will be better not to increase your difficulties (which will 
always at the outset, even under the most favourable circum- 
stances, be quite enough) by making your first experiment with a 
block of houses so ruinous as to require an unusual amount of 
expensive repairs, or situate in such & neighbourhood that you 
cannot get respectable people to take them, while you will not 
suffer the existing tenants to remain. This advice may at first 
appear to be not only selfish, but almost unintelligible; for ‘is not 
the physical and moral purification of sach a block of houses the 
very object for which the society has been established?’ Certainly 
it is, but uot of this block ouly; and it is in order that the society 
may have the opportunity of doing away with the physical and 
moral filth of many such blocks of houses hereafter, that the above 
advice has been given. If you cannot pay your shareholders a 
fair dividend, you will find it difficult to increase your capital; and 
if you are not able to increase your capital, your sphere of useful- 
ness will be limited to one single block of houses, instead of 
spreading over the whole district. 

There are some other points of good management, which are 
too obvious to need more than a passing allusion, and which 
would not have been mentioned at all, but that they have been 
too often neglected; such are—the punctual payment of rents; the 
establishment of an adequate siuking fund in the case of lease- 
hold property, and also of a reserve fund to meet unforeseen 
losses or extraordinary expenses; also the keeping an exact and 
accurate account both of the tenants and of the property of the 
society. | 

There is another point of apie consequence, though not 
especially applicable to Cottage Improvement Societies—viz., ex- 
treme care aud exactness in keeping the accouuts; but on this 
point also it is unnecessary to enlarge further than to recommend 
(particularly in the case of societies whose capital and property is 
constantly increasing) more frequent audits than are generally 
held. 

It has been stated above that something is due from the gael 
to the public, by which it is meant that the example of e 
Cottage Improvement Society is at the present time so important 
for good or for evil, that an additional responsibility is cast upon 
the founders, and an additional motive is supplied for using every 
endeavour to ensure success. 

The above remarks contain only a very slight sketch of the 
different points to be attended to in order to manage the society 
properly. It could easily have been expanded; but perhaps it 
will be better if those persons who are thinking of establishing 
such a society will examine and criticise these observations for 
themselves, testing them especially by the experience of existing 
societies, as given in their published reports. 

It may fairly be expected that a few words should be added on 
the results which might be anticipated from the large adoption of 
the course recommended in the preceding remarks. The general 
consequence would be, that in every town in the kingdom con- 
taining (say) 5000 inhabitants and upwards, all the cottage-pro- 
perty in the place would gradually fall into the hands of a society 
formed for the very purpose of promoting the moral and physical 
welfare of the poorer classes, In large towns the proposed society 
must (in order that the supervision of the houses and the tenants 
may be properly carried out) have brancbes situated in different 
districts, each managed by a sub-committee in connection with 
the general body of directors—thus combining the advantages of 
local knowledge and experience with the vigour and economy 0 
a central organisation, The size of these branches may be allowed 
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to vary according to circumstances, but probably the property 
purchased by about £50,000 would be quite as much as could be 

ly attended to by a single sub-committee. In cities of the 

t size, it might possibly be advisable to have two or more 
societies, each with its own confederate branches. And lastly, 
with res to this great metropolis, ‘this enormous city’ as 
Arnold calls it), ‘ d beyond all other earthly grandeur, sub- 
lime with the sublimity of the sea or of mountains’ from its bat 
vastness—to this t metropolis the same machinery wi 
equally apply, and in it the same principles of management may 
be carried out with an equal probability of success.” 


——— tàÀ ———— 


INTERNATIONAL EXHIBITION, 1862. 
Machinery in General. 

Lasour-savine machinery and tools actuated by steam, water, 
air, electricity, and other motors, are special developments of our 
time, and are numerously represented in the present Exhibition. 
That mechanical arrangement which utilises the greatest amount, 
of the applied force, and produces a complete required result, 
approaches most nearly to our notions of perfection. There are 
very few mechanical contrivances so complete that there is left 
no room forimprovement. However from time to time machines 
and contrivances more and more complete are being introduced: 
eo that ultimately we shall arrive at what may be termed engine 


ion. 

The watch and chronometer furnish good examples of this 
gradual advance towards perfection; the steam-engine, and other 
machines, are even yet far from having attained this much to be 
desired completeness; yet the open road is still trodden by many 
skilful competitors, and ultimately the desired result will be 
achieved. e International Exhibition for 1862 presents but 
few contrivances of extremely novel character connected with 
mechanical engineering, but it offers to our notice what is far 
more useful, tools and machines more complete thau those ex- 
hibited ten years since. When the steam-engine is as perfect in 
ita way as the chronometer, then it will take its stand as a fixed 
machine, and will become what may be termed classified. The 
same may be said of other machines and tools. Then the nation 
that manufactures such tools and machines in the test num- 
ber, while thus standing first in manufacturing industry, will 
thence acquire aud exert an immense political and social influence 
for the common benefit of our race, and will themselves have 
attained at the same time the most advanced stage of civilisation. 

In reviewing the machinery and engineering tools in the 
exhibition, it is not very material in what order we take them, 
as each mechanical contrivance must stand on its own merits, or 
fall by its defects. 


Messrs. Mavps.ay, Sons, and Fixrp exhibit (1926, Class 8) the 
splendid machinery constructed for H. M. armour-plated iron ship 
Valiant, consisting of a pair of Horizontal Double Piston-rod 
Engines of 800 B.P. (nominal). The cylinders are 82 inches dia- 
meter, with a stroke of 4 feet, and at full speed the screw will 
make about sixty revolutiona per minute; the cylinders are com- 
pletely encased in steam jackets, but the steam on its e from 
the boilers to the slide-valves does not pasa through the Jackets, 
they are supplied from the main steam pipe by means of a sepa- 
rate system o! pipes providea for the purpose. The glands of the 
piston-rods are fitted with an apparatus specially constructed for 
tightening the packing when the engines are in motion; it has 
been applied to the machinery of several of H. M. ships by 
Messrs. Maudslay, Sons, and Field, and has proved of great ser- 
vice: it is 80 arranged that without any care on the part of the 
person using it the gland must move perfectly parallel with the 
paton tod, thus obviating all danger of a break down from its 

ming ermine by being tightened more on one side than the 
other. e relief valves of the cylinders are so constructed that 
the engineer on watch can instantly ease them by hand without 
moving from his place on the starting platform: this arrangement 
is found to be very effective for large engines. Whenever water is 
pren in the cyliuders from priming or other causes, it frequently 
ppens with engines not fitted with the above improvement, but 
which rely upon springs or weights on the relief valves, that the 
latter do not act quickly enough to allow a free passage for the 
water, and the cylinder ends have in several instances been frac- 
tured in consequence. The alide-valves of these engines are 
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worked by the ordinary link motion, and they are double-ported, 
a method of construction which requires much leag travel than the 
common slide, thus reducing the length of the linke and conse- 
quently enabling the engines to be more quickly reversed. 

The expansion gear, which is of a peculiar and very efficient 
description, consists of a revolving valve driven by means of gear 
work at the same velocity as the crank shaft, and with a perfectly 
smooth and uniform motion. The steam can be cut off at any 
requisite part of the stroke without easing the engines. This 
mode of working expansively was designed some years since by 
Mr. Field, to obviate the difficulties so frequently occurring in 
screw engines, with the usual arrangement of cams and recipro- 
cating throttle valves or the more complicated system of expansion 
slides. The connecting rods and cranks are balanced by a weight 
attached to a wheel. which is fitted upon the after end of the 
crank ahaft for the purpose of turning round the engines by hand 
when necessary. 

All the important parta of these engines are visible from the 
platform, and are easy of access when under steam. Especial atten- 
tion has been paid to the construction of the feed and bilge pump 
valve-boxes, so as to ensure all the valves being quickly and 
easily removed and cleaned, without stopping the engines; the 
safety of many vessels has been imperilled by neglecting these 
precautions. The boilers are of the ordinary tubular construc- 
tion: they are arranged on each side of the ship, with the stoke 
hole in the centre. 

Messrs. Maudslay and Co. also exhibit a model showing the 
arrangement of a three-cylinder Horizontal Double Piston-rod 
Engine (Mr. Charles Sells, chief draughtsman to Messrs. Mands- 
lay, patentee), fitted on board H. M. frigate Octavia, of 500 B.P. 
and 51 guns. These engines were designed for attaining great 
economy of fuel, combined with uniformity of motion; they are 
fitted with surface condensers, an ipee superheating appa- 
ratus (Mr. Field’s patent) and complete steam jackets on the 
cylinders The crank shaft is forged in one piece, the cranks 
forming an angle of 120? with each other; this construction places 
all the moving parts in perfect equilibrium, without the addition 
of weights for that purpose. The cylinders are 66 inches diameter, 
with a stroke of 3 ft. 6 in. The slide-valves are so con- 
structed that the steam is cut off at one quarter of the stroke, 
without the use of a special valve for the pu They are 
worked by eccentrics fixed upon a revolving weigh-shaft, which is 
driven by a peculiar and novel arrangement of spur wheels, which 
enables the degree of expansion to be altered so as to cut off the 
steam at one-sixth of the stroke, and is also considered to furnish 
a safe and rapid mode of reversing the ims HP 

Messrs, Maudslay have received a medal for ‘marine engines 
and models, “for general excellence of the enginea, also of the 
collection of working models.” 

The Patent Double Cylinder, and Patent Annular Cylinder 
arrangement, invented by Messrs. Maudslay, Sons, and Field, 
were exhibited in 1851, and are well known to engineers gene- 
rally, which accounts for their absence in this Exhibition. The 
extensive character of the operations of this firm may be gathered 
from the fact that they have fitted 414 paddle wheel and screw 
vessels, of an aggregate power of 87,000 horses. 

Among the principal exhibitors of Marine Engines, presenting 
features of interest, are Messrs. Penn and Sons, Greenwich (1956); 
Messrs. Ravenhill, Salkeld and Co., London (1962); Messra. G. 
Rennie and Sons, Blackfriars (1964); Messrs. R. Napier and Sona, 
Glasgow (1939); Messrs. Randolph Elder and Co., Glasgow (1939); 
Mr. T. W. Cowan, Greenwich (1830); Messrs. Humphreys and 
Tennant, Deptford (1891); Messrs. Ay and I. Inglis, Glasgow 
(1896); and Messrs. R. Morrison and Co., Newcastle-on-Tyne 
(1936). 


Messrs. WiLLiAMSON BROTHERS, Canal Iron Works, Kendal, 
exhibit (2026, Class 8) Vortex Turbines, an Improved Centrifugal 
Pump, and Blowing Fan. . The Vortex Turbine isthe invention of 
Prof. James Thomson, and has been very extensively applied. The 

vortex exhibited is constructed to give 60 horse power on 
a fall of 45 feet, and is for a cotton mill in Yorkshire. There isa 
small vortex shown in motion, which is designed to use 50 cubic 
feet of water per minute on a fall of 8 feet, and serves to illustrate 
the position and action of the wheel when at work. The 
water is supplied to it by a centrifugal pump. In this turbine 
the moving wheel is p within a chamber of a nearly 
circular form. The water is injected into the chamber tangenti- 
ally at the circumference, and thus receives a rapid motion of 
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rotation. Retaining this motion it passes onward towards the 
centre, where alone it is free to make itsexit. The wheel, which 
is placed within the chamber, and which almost entirely fills it, is 
divided by thin partitions into a great number of radiating 
passages. Through these passages the water must flow on its 
course towards the centre, and in doing soit impartsits own rotary 
motion to the wheel. The whirlpool of water acting within the 
wheel chamber being one principal feature of this turbine, leads to 
the name “ Vortex” as a šalta blo destsatici for the machine as a 
whole. The guide blades by which the required direction is given to 
the water previous to its entrance into the wheel chamber are 
usually four in number, and they are made movable on gudgeons 
near their points, so that the orifices may be contracted at plea- 
sure to adapt them to any quantity of water less than the full 


supply. 

relation to the action of turbines generally, the chief and 
most commonly recognised conditions of which the accomplish- 
ment is to be aimed at are, that the water should flow through the 
whole machine with the least possible resistance, and that it 
should enter the moving wheel without shock, and be discharged 
from it only at a very inconsiderate velocity. The vortex is in a 
remarkable degree adapted to fulfil these conditione The water 
moving centripetally (instead of centrifugally, which is more 
usual in turbines)enters at the period of its greatest velocity 
(that is, juat after passing the injection orifices) into the moat 
rapid moving part of the wheel, the circumference; and at the 
period when it ought to be as far as possible deprived of velocity, 
1t passes away by the central part of the wheel, the part where it 
has the least motion: thus in each case, that of the entrance and 


that of the discharge, there is an accordance between the velo- . 


cities of the moving mechanism and the proper velocities of the 
water. The principle of injection from without inwards, adopted 
in the vortex, is considered by the inventors to atford another 
important iim in comparison with turbines having the 
eontrary motion of the water; as it allows ample room in 
the & outside of the wheel for large and well formed 
injection channels, in which the water can be made very 
gradually and regularly to converge to the most contracted parts, 
where it is to have ita greatest velocity. It is as a concomitant 
also of the same principle, that the very simple and advantageous 
mode of regulating the power of the wheel by the movable guide 
blades already described can be introduced. This mode, it is to be 
observed, while giving great variation to the areas of the entrance 
orifices, retains at all times a very suitable form for the converging 
water channels. 

Another adaptation in the vortex is claimed as being highly 
beneficial; by the balancing ofthe contrary fluid pressuree due to 
half the head of water and to the centrifugal force of the water in 
the wheel, combined with the pressure due to the ejection of the 
water backwards from the inner ends of the curved vanes of the 
wheel, only one half ot the work due to the fall is spent in com- 
municating vis viva to the water, to be afterwards taken from it 
during its passage through the wheel, the remainder of the work 
being communieated through the fluid pressure to the wheel 
without any intermediate generation of vis viva. Thus the velo- 
city of the water where it moves fastest in the machine is kept 
comparatively low, not exceeding that due to half the height of 
the fall. The inventor states that in many turbines the water 
attains at two successive times the velocity due to the whole fall. 
The much smaller amount of action or agitation with which the 
water in the vortex is said to perform its work effects a saving of 

wer, by diminishing the loss necessarily occasioned by fluid 

iction. Further, the velocity of the circumference of the wheel is 
made the same as the velocity of the entering water, and thus 
there is no impact between the water and the wheel, but on the 
contrary the water enters the radiating conduits of the wheel 
gently, that is to say, with scarcely any motion in relation to 
their mouths. Iu the vortex a very favourable influence on the 
regularity of the motion proceeds from the centrifugal force of the 
water, which on any increas: of the velocity of the wheel increases, 
and so checks the water supply; and on any diminution of the 
velocity of the wheel, diminiches, and so admits the water more 
freely; thus counteracting in a great degree the irregularities 
of 8 arising from variations in the work to be performed. 
hen the work is subject to too great variations, as for in- 
stance in saw-mills, bleaching works, or in forges, great incon- 
venience often arises with the ordinary bucket water-wheel, and 
with other turbines, from their running too quickly when any 
cousiderable diminution occurs in the resistance to their motion. 
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The vortex represented in the engraving (Fig. 1) is shown witha 
portion of the cover broken away, in order that the internal ar- 
rangement may be seen. (A) is the supply pipe, by which the water 
is conveyed to the case. (B) one of the guide blades, of which 


there are four, for directing the water into the revolving-wheel 

(O; these guide blades are regulated by cranks and spindles 

rom the haud-wheel (F) placed in any convenient position 

within the building. The revolving-wheel is keyed upon the 
Fie. 1. 


upright shaft (D), at the lower end of which is the piot: Troon 
the upper end of the shaft, the motion is communicated to the 
horizontal shaft by bevel wheels. (E) is a lever for raising the 
pivot when necessary in consequence of wear. 

When circamstances render it desirable, the vortex may be 
placed at any height lesa than about 30 feet above the tail race, 
the fall below the wheel being rendered available by suction- 
pipes descending from the central discharge orifices. 

The vortex of 60-horse power is intended to be thus arranged, 
at a height of 30 feet above tail water:—The water is admitted 
from the head-race by a 30-inch pipe; and after passing through 
the wheel is conveyed by two suction-pipes into the tail-race. 
There is a sluice at the entrance to the supply pipe for pec 
off the water, and the guide blades are regulated by a 
hand-wheel above the vortex case. This arrangement, is often 
very convenient, and in many situations it admite of the vortex 
being placed in such a position that the power can be taken direct 
from its own shaft, withont any intermediate ing. 

Among the exhibitors of this description of motor are the 
North Moor Foundry Company, Oldham (1948); Mesars. Easton, 
Amos & Sons, Southwark (1844); Messrs. Donkin & Co., Bermond- 
sey (1840); and Messrs. R. Roberts & Co., Adelphi, London (1968). 

Messrs. Williamson also exhibit (2026) an “ E em Cen- 
trifugal Pump," with exterior whirlpool chamber. e machine 
consists of a sort of wheel, with an exterior case. The 
wheel is constrncted with a middle plate, having a boss in the 
centre for fixing it upon the shaft, and two outer discs or covert 
with circular orifices, for admitting the water. Between the 
middle plate and the covers are fixed curved vanes, extendin 
from the central orifices to the outer circumference of the wheel. 
The wheel being caused to revolve, the water entering at the 
central orifices is discharged into the exterior casing, and thence 
through a delivery pipe, placed tangentially to this case. 

The essential improvement which the inventors claim to have 
introduced into these machines, consists in the addition of sn 
exterior chamber round the circumference of the revolving-wheel, 
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which is termed the ' whirlpool chamber," and it is usually 
made about, the diameter of the wheel. The water revolving in 
the chamber assumes the condition of a “vortex or whirlpool of 
free mobility," the principles of motion in which are said to have 
been first noticed [a Professor Thomson, as described by him in 
a paper read before the British Association. The following is a 
brief explanation of ita application in this pump:—It will be 
understood that the water, ou leaving the circumference of the 
wheel, has unavoidably a high rotary velocity. This velocity is 
in all cases so great that the water carries away, in ita energy of 
motion, a large part of the work applied by the steam-engine or 
other motor, which is wasted in friction, and adds to the quantity 
ejected tbrough the discharge pipe. 

The object of the whirlpool, as applied in the pump under 
notice, is to utilise the work contained in the rapid motion of the 
water on leaving the wheel, or to employ it in increasing the 
efficiency of the machine. This is effected, in accordance with 
the principle of motion, in the “ whirlpool of free mobility,” by 
which each particle of the fluid forming it, as it passes from the 
centre of rotation outwards, gives up its velocity, and becomes 
subject to a pressure capable of causing it to ascend to a height 
corresponding to the energy deducted from its motion. This 
pressure necessarily adds itself to the outward force generated 
within the wheel. In this pump there is also provided an outlet 
chamber, arranged to receive the water from all parts of the 
circumference of the whirlpool, the outlet chamber is separated 
from the whirlpool by discs, which prevent any slowly moving 
or eddying water from breaking into and disturbing the whirl- 
pool The vanes are curved backwards, at such an angle as to 
admit the water freely and without shock, and all the parts are 
arranged so as to attain the highest efficiency in the working of 
the pumps. 

The same firm also exhibit (2026) a Blowing Fan with ex- 
terior whirlpool This fan is coustrucied on the same principle 
as the centrifugal pump previously described, the efficiency being 
in like manner greatly increased by the application of the exterior 
whirlpool. It is suited for foundries, smiths’ fires, and other 
purposes where a powerful blast is required, and in all cases an 
Important saving of power is effected by its use. 

A Vertical Column Steam Engine exhibited by Messrs. Wil- 
liamson, is simple in its arrangement; all the working parts are 
inclosed iu one iron eolumu, which gives great strength nnd 
steadiness, whilst all the parts are of very easy access, It was 
selected for description in the ‘Encyclopedia Britannica, 

It is worthy of remark that the jurors 
have awarded to Messrs, Williamson 
Brothers a prize medal for tbe Vortex 
Turbine, Centrifugal Pump, aud Blow- 
ing Fan; and that the merits of these 
machines is further recognised in the 
Special award of an additiona! medal 
to Professor Thomson for the invention. 
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CannETT, MARSHALL & Co., Leeds (1813, Class 8), exhibit Joy'e 
Patent O: Blower, Fig. 2, applicable alao as an Hydraulic 
Reciprocating Engine, for pumping, intensifying water pressure, 
working preases, as well as sawing, rubbing, grinding, polishing, 
ventilating, and working punkahs in hot climates. As organ- 
blowers they have been applied in numerous cases, both hori- 
zontally and vertically, Ai T Ai to all sizes of feeders, 
and working at any required water presaure; the wind-chest, 
being connected to the admission cock, regulates the speed 
of the blower. The sizes generally used for this purpose 
vary from 2 inches diameter, 10 inches stroke, to K inches 
diameter, 10 inches stroke. The cylinders are all brass 
lined, and pistons, valves, faces, &c. are of brass; or the whole 
may be of brass. The length of stroke is adjustable. These 
engines can be constructed of considerable power, and to work at 
a speed of from 1 to 110 feet minute of piston. They are 
applied, with modifications, to be worked by compressed air, for 
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| L. qm mining, coal getting, and tunnelling operations; and, by steam, for direet- 


acting sawing, pumping, boring, and percussive operations, where any 
required speed under 500 strokes 

j hydraulic reciprocating engines, wor 
towns, may also be employed in connection with a compound hydraulic 
pump, to work presses in warehouses without hand labour, and for raising 
and lowering goods, and for 1, 2, and 3-powered water cranes. The Rota- 
tive power Hydraulic Engines consist of two or more actuating cylinders, 
and not a single one, as in the organ-blower, or hydraulic reciprocating 
engine. 


The Steam Hammer, Fig. 2, is double-acting, thereby giving a powerful 


= minute mny be attained. The 
ed by the pressure of the water of 
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blow in a short space of time. The force of such blow can 
be regulated at pleasure; and the length of stroke can also 
be varied by adjusting the hand-wheel This hammer appears 
to possess extreme simplicity, having no valve-motion, levers, or 
stufüng-box, nor any continuously moving part, except the 

iston slide-valve and hammer. ‘The steam which actuates the 
finte performs the office of valve motion, being admitted 
above and below the piston slide-valve, in the requisite quantity 
and for a suitable period of time, to give any required stroke or 

Fio, 4. 


el 


a light blow with lead, or a clear heavy blow without lead, retaining 


the steam upon the piston until the blow is struck. In these 
hammers, an increased bearance is given to the piston-rod by the 
depth of the piston being more than its own diameter. For steel 
tilting and other work, when some 400 to 500 blows per minate 
are necessary, this hammer has its parts even further reduced to 
that of the piston-rod and hammer-head, only with additional 
length of cylinder and gu danne, 
ig. 4 represents a High and Low Pressure Direct-action Con- 
densing Engine, by the same firm. The cylinders are 123 inches 
diameter, with 2 ft. 3 in. stroke. The whole is on one base-plate 
requiring little foundation. Besides being direct-acting and 
portails, the air-pump is 
ouble-acting, and also com- 
bines the hot-well and con- 
denser; the weight of the 
large piston is entirely 
borne up by the slides, and 
the whole of the working 
parts which transmit the 
power are of wrought-iron 
suitable for 60 lbs. pressure. 
This engine is strong, light, 
and well balanced, as it 
works in opposite directions. 
The engine has no dead 
centre, as the low-pressure 
piston is a little in advance, 
and in a position to receive 
the exhaust steam from the 
high-pressure cylinder at 
the time it ought to be set 
free. The cylinders are close 
together, and have but one 
slide to work them both 
with a short length of steam 
passage from the end of one 
cylinder direct to the other. 
The slide-valve has two faces, and its lead and stroke can be 
varied, or when necessary the governor is caused to regulate the 
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quantity of steam admitted into the ens at fall pressure 
instead of its being throttled in the usual manner. 

Fig. 5 is a Stationary Fire Engine to force 10,000 gallons, 
125 feet high per hour; to be set to work at any moment, by 
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and the engine is ag c in itself, to which the pump forms the 
base of foundation. The former can be disconnected from the 

ump, and used as a motive-power for driving machinery, feeding 

ilers, and a variety of purposes, the pump being ready at any 
moment to be attached, in case of fire, and equal in power to two 
or three common fire-engines. Steam Pump, Fig. 6, is con- 
structed for feeding locomotive and marine boilere. Steam Pump, 


~~ 


= MP RR 
Fig. 7, is constructed for feeding stationary boilers of 50 horse- 
power. One of the latest applications of Fig. 5, with double- 
acting pump, is at Saltburn, near Redcar, forcing some 5000 
allons of sea water per hour 220 feet high, and 220 yards 
igtance. f 
A medal was awarded to Messrs. Carrett, Marshall and Co., 
for ateam engines, steam pumps, hydraulic machinery—general 
good arrangement and good workmanship. Also, honourable 
mention for au improved steam hammer. 


Mr. T. S. Truss, C.E., Gracechurch-st., exhibits (2011, Class 8) 
Pipe Joints (fig.8) for hot water apparatus, gas and water mains, &c. 
These joints are constructed to facilitate the making of water- 
tight joints without the tedious method of caulking, being easily 

Fig. 8, 
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TRUSS'S PATENT 1859, If 


TRUSS'S PATENT 1859.8 
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rendered capable of sustaining any required amount of ; 
and can also at any time be disconnected to allow of alteration 
or removal, and refitted, without injury to any of the parta. 
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The pipes are cast with a bead at each end, upon which the ring 
of elastic packing (india-rubber or woollen felt) is placed, when 
the ends of the pipes are brought near together. The iron band, 
formed in three or more segments with two interior grooves 
corresponding with the beads on the pipes, is then placed around 
the packing and drawn together by means of screw-bolts and 
nuts, thus making the joint upon the tops of the beads. Accord- 
ing to the width of the band and the interior grooves the joint is 
more or less elastic, resembling in action a ball-nnd-socket jest 
and it is thus well snited to gas and water mains, which are 
liable to deflection; for which purpose it is in use for mains vary- 
ing in diameter from 2 inches to 4 feet. The joint has been tested 
to a pressure of 1000 feet of water. 


Mr. Henry Jonnson, of Crutched Friars, exhibitae (2920, 
Class 13) his Volutor, Fig. 8, for tracing spiral curves. This instru- 
ment has been contrived for the pnrpose of facilitating, by means of 
mechanical arrangements, the drawing of volutes, an operation that 
requires much time and care, and also the drawing of other spiral 
curves. During the action of the instrument a band is wound round 
its centre, which regulates the pencil, and thus a continuous curve 
is traced with a radius varying in length at every point. The 
radius of the curve is increased during each revolution by the 
circumference of the axis, and a circular cylinder will be found 
convenient as an axis for tracing spirals whose radii increase in 
arithmetical or other proportions. In drawing volutes a flat 


band may be used, wound round a cylinder, so that each coil 
incloses the preceding one, and increases the diameter of the axis; 
but a grooved cone appears to be more convenient, as the pro- 
portions ofa cone and the distances between the grooves may be 
more readily adapted to the curves required. A stand with 
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wheels, A, moved round the central point O, supports a horizontal 
arm or bar B, and which moves through a horizontal tube D, 
on the stand. To the horizontal arm is fixed the tracing pencil 
C, pressed down by a vertical spiral spring. A steel rod rises 
through a perforated grooved cone (or other axis) and its handle 
H, and is furnished with a small winch handle I, by which the 
stand is made to revolve, while the cone is held still by its 
handle H; and a band G, one end of which is attached to the 
cone and the other to one end of the horizontal arm, is wound 
round the cone, and the end of the arm is gradually drawn 
towards the centre, and the curve is traced by the pencil. In 
volutes commenced at the extremity of the radius vector the 
band is attached to the base, and adjusted to the groove selected 
for the first curve, and is wound round the cone, approaching the 
apex as the instrument revolves. When tracing volutes com- 
mencing at the centre and receding from it, a movable set of 
pulleys F, should be fixed with a screw on to the outer end of 
the horizontal arm. One end of the band. being fastened to the 
pulleys, and the other attached to the apex of the cone, it will be 
wound round the cone approaching the base, and the pencil will - 
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reeede from its position in the centre, tracing the carve as the 
outer end of the arm is drawn by the band towards the centre. 
When variations of radius les than the circumference of the 
axis at each revolution are required, the effect of the band wound 
round the centre may be modified by passing it over some of the 
pulleys, one set of which, E, is fixed on the stand, and the other 
set, F, is movable, and may be screwed on to either end of the 
arm. The effect varies according to the number of lines of band 
over which it ie distributed; as, for instance, when the band is 
Lear pe over one pulley the effect is distributed over two lines, 
and the radius varies in a revolution one-half of the circum- 
ference of the axis; when the band is passed over two pulleys the 
effect is distributed over three. lines, aad the radias varies in a 
revolution one-third of the cireamference of the axis, &c. When 
tracing the fillet of a volute, the cone should be turned round 
until the band is tightened, after the pencil has been placed in 
its proper position. The size of the axis is thus stightly altered, 
ad a proportionate distance maintained between the curves. 
In drawing a lel curve, as the size of the centres must 
coincide, it will be necessary to alter the length of the band to 
suit the position of the pencil. 
Mr. Henry Johnson shows alao (2920) his Deep Sea Preesure 
Gauge, Fig. 10. It is well known that in deep sea soundings the 
water is too great to admit of accurate measurement: 
b the compression of any highly elastic fluid confined in a small 
ble instrament. Fora long period water was considered 
noompress:ble, but it has been found to possess a slight degree 
of elasticity, sufficient to render its compression in a vessel avail- 
able às an indication of the compression or density of the water 
into which it is lowered. In the year 1763, December the 16th, 
Mr. Canton eommunicated to the Royal Society the results of his 
experiments on the compressibility of water—‘ Philosophical 
Transactions,’ vol. lii, page 640. He took a small glass tube of 
about 2 feet in length, with a ball at one end of it of 1] inch in 
diameter, and filled the ball and part of the tube with water 
exhausted of air, and left the tube open, that the ball, whether 
in rarefied or condensed air, might always be equally pressed 
within and without. He placed the ball and tube under the 
receiver of an air-pump, and could see the degree of expansion of 
the water answering to any degree of the rarefaction of the air; 
and also placed the ball and tube into the glass receiver of a 
condensing engine, in wbich he could see the degree of compres- 
sion answering to Any de, of condensation of the air. In this 
way he found by repeated trials, when the temperature was about 
50° Fahrenheit, and the barometer about a mean height, that the 
water expanded and rose in the tube, by removing the weight of 
the atmosphere, one part in 21,740, and that it was as much com- 
pressed under the weight of an additional atmosphere. More 
recently, Mr. Perkins found, when subjecting water to great 
pressure, à diminution in volume of yĝsth parts under a pressure 
of 1120 atmospheres, i d to one part in 18,666 per atmosphere. 
The experiments of Mr. Perkins, exhibited at the Adelaide 
Gallery, appeared to be intended as a demonstration of the 
fact of progressive compression, rather than a basis for minute 
calculation. 
The effect of pressure of water at great depths is illustrated by 
a very interesting experiment made by Rear-Admiral Sir James 
Clarke Ross, who, after lowering several bottles which returned 
to the surface with the corks reversed, lowered a bottle fitted 
with a tube; a cork being suspended in the bottle so as to enter 
the tube in the event of the water iu the bottle being condensed 
under heavy pressure, and expanding upon the raising of the 
bottle and the diminution of the pressure. Upon the return of 
the bottle to the surface it was found that the cork had been 
‘forced some distance along the tube, and the compression of the 
‘water in the bottle, and its subeequent expansion, were thus 
demonstrated. Pane vee 
In experimenta condu witha u uge made of metal, 
it was found that air-bubbles adhered to tho iae surface of the 
pressure-gauge, and materially affected the results. This diffi- 
culty is avoided in the instrument now exhibited, which is com- 
posed of glass, so that the absence of air-bubbles may be 
ascertained by inspection before any experiment is made. The 
instrument consists of a cylindrical glasa vessel with a long neck 
or stem finely graduated; within which are placed a flat elastic 
ring to aet as an index, and an elastic stopper. 
en used, the pressure-gauge should t be well rinsed with 
warm water, to prevent the adhesion of air to its inner surface, 
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and then filled to the top of the stem with sea-water boiled to free 
it from air. In the event of this water being poured in while 
warm, it will be necessary to fill ap the atem aker the water has 
cooled down to the temperature of the atmosphere, so that the 
stopper may be inserted without confining any air beneath it. A 
amal] vent, or grooved needle, affording a for the encape 
of su uous water, should be pushed in with the sto , which 
Should be slightly lubricated to prevent excessive friction, until 
the lower end of the stopper is coincident with the zero or top 
line of the graduated scale, marked 2000, when it will also touch 
tbe flat elastic ring. The vent should then be withdrawn, and the 
stem will remain tightly closed by the stopper. When lowered 
into water of greater density, the water in the pressure-gauge is 
compressed by external pressure until of equal density with the 
surrounding water, and the elastic stopper and the elastic ri 
are prose’ aloug the tube towards the cylinder. When raised, 
as the external pressnre diminishes, the water in the pressure- 
gauge expands, and gradually presses back the elastic stopper, the 
elastic ring remaining as an index to mark the extreme compres- 
sion. When the water attains the temperature of the atmosphere 
the stopper will have returned to its original position, less a small 
difference arising from friction. 


Fig. 10. 


. Cylinder. 
Stem with graduated scale. 
Flat elastic ring or index. 
Elastic stopper. d 
Metal frame lined with caoutchouc. 
. Caoutchouc rings preventing concussion. 
Caoutchouc rings at top and bottom of the case, 
securing the frame in position. 
H. Metal hook on door fastening down the top of 
d I. Clasp to door, let in to avoid projection. 
K. Vent or grooved needle inserted with stopper. 
M L. Hook used to draw up the elastic ring. 
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The volume of water in the cylinder and stem is considered as: 
consisting of 2000 parts, of which the cylinder contains nine- 
tenths, or 1800 parts or de; and the stem one-tenth or 200 

and which are num 1801 to 2000. The graduated 

e on the stem may easily be read to one tenth of a degree, on 

th part of the whole volume of water. Forthe compression 

of one part in 20,000 of boiled seawater a pressure is required of 

15°8 lbs. avoirdupois per square inch, equal to the pressure ef a 

depth of 35/446 feet, or nearly six fathoms. This amount of 

preseure, which is the result of several experiments, and which is 

confirmed by the observations of Mr. Canton, appears to be a fair 

basis for the compilation of tables of comparison of depth and 
pressure. 

The instruments should, however, be attached to sounding 
lines, and the indications compared with the depths shown by the 
lead. The results would form a table of ia peat of depth and 
pressure of practical use in determining depths when strong cur- 
rents render the use of the lead uncertain. A correction be 
required for the variation in volume of water with change of 
temperature, and which is not uniform, being greater at high 
temperatures, as for instance— 


At 86° the volume is for this object estimated at 20,000 

At 65° the volume is contracted to ... m 19,9325 ,, 

The difference for 21° being ... 67:5 parts. 
or for 1 degree 3°21 parte. 

The volume at 65° of ... sd 19,9325 parte. 
is contracted at 81° to 19,880 ” 

The difference being for 34° ... 52:5 paste. 


or for 1 degree 1°55 


Sept 1, 1883) 


TABLE showing the variation in the volume of sea water, boiled to free 
it from air, with of temperature. Thermometer 67:5" Fahr. 
Barometer 29°92. The volume at 40° being considered as unity, and 
divided into 20,000 parte. A gentle motion kept up to equalise the 
temperature of the sea water haa prevented its freezing at 28°5°. 


Dee poet Parts. | DeB No.of Parts. | BOF Wo. of Parta. 
86" ... 20000°0 | 64° 19930-0 | 42 19888-0 
85 ... 19996-0 68 19927-5 41 19886-7 
84  .. 19992:5 62 19825-0 40 19885-5 
83  .. 19989-0 61 19922.5 89 19884: 5 
82  .. 19985-8 60 19920-0 88 19883: 5 

.81  .. 19982-0 59  .. 19917-5 37 1988$:0 
80  .. 19978-5 58  .. 19915:0 36  .. 19882:5 
79  ... 19975-0 | 57  .. 19913-0 | 35 ... 198820 
78  .. 19971-5 | 56 19911°0 | 34  .. 19881-5 
77  .. 19968-0 | 55 19909-0 | 33 19881-0 
76  .. 199647 | 54 19907-0 | 32 19880-5 
75... 199615 | 53 199050 | 31 19880-0 
T4 '... 19958°25 | 52 19903-0 30 19880-0 

"78... 19955-0 | 5l 19901 0 | 29 19880-0 
72. .. 19951-5 | 50 18899-0' } ?8 19880-0 
71  .. 19948-0 | 49 19897-0. | 27 19880-0 
70  ... 19945:0 48 19895-0 26 19880-0 

-69 .. 19945 | 47 19894-0 | 25 19880-0 
68  ... 19040-0 | 46 19892-5 | 34 198800 
07  .. 19937:b 45 18891 0 23 19580-0 
66 .. 19935-0 44 19890-0 22 19880°0 
65 19932.5 | 43 19889-0 


Johnson's Deep-Sea Thermometer (2920), Fig. 11, isintended to 
be used simultaneously with the deep-sea pressure-gauge above 
deseribed, for tbe purpose of determining how much of the varia- 
tion in volume of water, indicated by the latter instrument, is due 
to variation of temperature, and may be considered as an indis- 
pensable adjunct to it. Y enl the year 1844 some experimenta 
were made by Mr. James Glaisher, F.R.8., on the temperature of 
the water of the Thames near Greenwich, at the ditferent seasons 
of the year; when that gentleman found that the indications of 
temperature were greatly affected by the pressure on the bulbs of 
the thermometers. At a depth of 25 feet this pressure would be 
nearly equal to the pressure of three-fourths of an atmosphere. 
These observations demonstrate the importance of using in deep- 
sea soundings an instrument free from liability of disturbance 
from conipression by the surrounding water, and have led to the 
construction of the thermometer now to be described. 

The instrument is composed of solid metala of considerable ape- 
cific gravity, braas and steel, the apecific gravity of these metals 
being 8°39 and 7:81 respec- 
tively. These metals are 
therefore not liable to any 

com pression by the 
water, which under a pres- 
aure of 1120 atmospheres, 
or at a depth of 5000 fa- 
4homs in round numbers, 
acquires a density or specific 
gravity of 1:06. In the con- 
etruction of this instrument, 
advantage has been taken of 
the wellknown difference 
in the ratios of expansion 
aed contraction by heat and 
wold of braas and steel, to 
form compound bars of thin 
bars of these metals riveted 
together, and which will be 
found to assume a slight 
curve in one direction when 
heat has expanded the brass 
slight than the steel, and a 

i one in the contrary 
direction when cold has con- 
tracted the brass more than 
the steel. The indications 
of the instrument reeord 
tbe motions under changes 
of temperature of such com- 
pound bars; in whieh the 
proportion of brass, the more dilatable metal, is two-thirds, 

of steel ane-third. Upon one end of a narrow plate of metal 
about a foot long, c (Fig. 11), are fixed three scales of temperature 
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h, which ascend from 25° to 100? Fahr, and which are shown 
more clearly in the diagram detached from the instrument. 
Upon one of these scales the present temperature is shown by 
the pointer E, which turna upon a pivot in ite centre. The 
register index g to the maximum temperature, and the index f to 
the minimum temperature, are moved along the other scales by 
the pin upon the moving pointer at e, where they are retained 
by stiff friction. At equal distances from the centre of the pointer 
are two oonnecting pieces d d, by which it is attached to the 
free ends of two compound bars bb, and its movements correspond 
with the movements of the compound bars under variations of 
temperature. The other ends of the bars are fastened by the 
plate c, to the plate a, on which the scales of temperature are 
fixed. The connection of the bars with both sides of the centre 
of the pointer prevents disturbance of indication by lateral con- 
cussion. The case of the instrument has been improved at the 
suggestion of Rear-Admiral Fitzroy, and now presents to the 
water a smooth cylindrical surface, with rounded ends and with- 
out projection of fastenings. In surveying expeditions this 
instrument would be found useful in giving notice of variation of 
depth of water, and of the necessity for taking soundings. A 
diminution of the temperature of water has been obeerved to 
accompany diminution of depth, as on nearing land or approaching 
rocks or shoals. Attention would also thus be attracted to the 
vicinity of icebergs. One of the deep-sea thermometers was 
suspended by Mr. Glaisher on a thermometer-stand for six 
months, and read daily in connection with standard meteoro- 
logical instruments. Daring this period the readings approxi- 
mated to those of the best instrumenta. 

Mr. Johnson has received an award of “honourable mention” 
for his volutor and deep-sea thermometer; “ for novelty of con- 
struction.” 

(To be continued.) 


ee 
BEVIEWS. 


Manual of Hydrology. By NarHaNIBL BnARDMORE, C.E, 
London: Waterlow & Sons. 1862. 

This is a comprehensive and truly valuable practical work, on 
a subject of which the importance is increasingly felt, and on 
which reliable data and well-arranged tables are an essential 
requisite to successful practice. We give, in the authors own 
words, some account of the circumstances that have led to the 
present production:— 

“The work now laid before the public has arisen out of a small treatise 
called ** Hydraulic Tables,” published in May, 1850; of which a second 
edition, in a very much extended form, was issued in September, 1851. 
The prevailing idea of these works is described in the following extracta. 

First Edition, May, 1860.—'In the computation of hydraulic ques- 
tions daily required by an engineer, much labour is saved by the 
systematic use of tables; the meane of detecting errors are far greater 
than in igolated calculations; and the results, when tabulated, are more 
useful than any mere formula: the one shows the object attained—the 
other gives the means only. In the following treatise the author has 
endeavoured to extend the basis of hydraulic calculations on which there 
should not be much difference of opinion, to systematic results; the tables 
are reduced to uniform measurements throughout, and the range of 
computations for slopes, velocities, &c., is such as will be required in 
practice; the whole being expressed in decimal measures. To these 
are added the general qualities of materials, with computations for the 
strength of iron beams of approved proportions, concluding with tables 
of numbers, &c., generally required in & treatise intended for ordinary 
use of the practical engineer. The powers, roote, and logarithms of 
numbers are appended in a simple and legible form, to save the labour of 
searching them from different works in the numerous requirements of the 
profession. The computations of all the principai tables are original, and 
have taken much time and labour. It would be scarcely possible to 
enumerate all the authorities; among others consulted are— Du Buát, 
Robison, Leslie, Bossut, D'Aubuisson, Rennie, &c.; without previous 
researches, it would be useless to attempt a treatise of this kind, and 
therefore, probably, the suggestions of many have been useful, although 
not specifically acknowl . The leading object has been to induce a 
more general and systematic application of hydraulic formule to practice: 
for the principles, being subject to the laws of gravity, must be uniform; 
therefore, however varying the means and circumstances, the results 
should be consistent. The remarks upon rainfall and the produce of 
springs ar uar made rather to give examples than to propound any 


ry. 
From Preface to Second Edition, September, 1851.—‘ The first edition 
of this work waa received with much greater favour than the author bad 
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at all expected; and, by the kindness of his friends, the sale was large for 
Bo technical work. This will be the best excuse for the new form in 
which this book is offered. To extend the use of this edition as a hand- 
book for the engineer, in matters relating to hydraulios and hydrodynamics, 
many new tables have been constructed, and the table of constants for 
time and height of high water and mean spring range has been inscribed 
from the Admiralty tables and various other sources. The introductory 
remarks on the use of the tables have been amended, and more informa- 
tion is interwoven, chiefly on our lish rivers. The original remarks 
on tides and rivers are limited, or otherwise we should have been travel- 
ing out of the scope of this treatise; experience and practice are the great 
guide; and, therefore, to obtain the best data for practical results, we 

ve carefully collated all the well authenticated data within our reach 
or nal experience, and had them condensed into tabular forms. The 
author has to thank several professional friends—Mesars. Cubitt, Rendel, 
Rennie, Simpson, &c.—for their kind assistance in permitting the use of, 
and communicating original papers. He has also to acknowledge acces- 
sible information at the disposal of Admiral Sir F. Beaufort, F.R.S. 
Captain Drinkwater Bethune, and Captain Vetch, of the Admiralty 
Harbour department, whose published reports contain good data—not 
omitting to mention Captain Beechey's very valuable published papers: 
others to whom we are indebted are named especially when the informa- 
tion is due to them. Considering the small extent of engineering 
literature, and the immense stores of knowledge constantly accumulating 
in the office of an engineer, it is to be wished that more of these data 
were placed at the public disposal, for it is on such alone that any true 
theories can be conatructed. The work here referred to was soon out of 
print. During the long interval which has elapsed it would have been 
easy to reprint, but the author was anxious to improve the work, and 
extend matter which was compiled originally rather in the form of notes 
than as an exact treatise, and with considerable hesitation whether euch 
dry figures would secure a reader. The practice of engineering has now 
become so wide, that the Lu inpia and. advising in London on works 
situated in every part of the globe isa matter of daily occurrence; it has 
therefore been apparent, during the eleven years occupied more or less 
in collecting the data for this work, that it would be impossible to take 
ioo wide & range for the information to be contained in a Manual of 
Hydrology.' " 

The work is in four divisions: 1. Hydraulic and other tablea, 
2, Rivers, flow of water, springs, wells, and percolation. 3. Tides. 
estuaries, and tidal rivers. 4. Rainfall and evaporation. 

In Division 2 much iuteresting information is given regard- 
ing the Rhine, the Po, and other European rivers; the Nile, and 
the Ganges. Plates are inserted, giving sections of some of these 
rivera, variations of volume and height, comparative rainfall and 
temperature, &c. In Division 3, the Seine, the Gironde, and 
also the Hoogly are treated of, as well as the tidal streams of 
Britain. Division 4 deals with the rainfall, not merely of differ- 
ent parts of the United Kingdom, but also of India, the British 
colonies, France and its colonies, Belgium, Germany, Denmark, 
Switzerland, Austria, Italy, and other principal localities. 

We think we need not say more in recommendation of a book 
that takes a place hitherto unoccupied in the English language 
with regard to the branch of engineering of which it treats, and 
takes it worthily. No one who stands in need of data, or general 
information relating to hydrography, can well fail to consult the 
Manual with interest and profit. 


——üp-———— 


EMBANKMENT OF THE SURREY SIDE OF THE 
THAMES. 


Tue report of the commission appointed to inquire into the 
above-named subject has been printed, and is as follows: 


* We the undersigned members of your Majesty's Commission 
appointed to examine plans for embanking the Surrey side of the 
river Thames, within the metropolis, and to report which of the 
said plans of embankment will, in our opinion, conduce with the 
greatest efficiency and economy to the improvement, embellish- 
ment, and convenience of that part of the metropolis, improve the 
navigation of the river, and provide a public thoroughfare with- 
out stopping such trade as must he carried on upon the bank of 
the river, and also upon the cost and means of carrying the same 
into execution, beg to submit the following remarks:— 

The nature of the inquiry entrusted to us was made known by 
advertisements in the newspapers, and twenty designs were sub- 
mitted for consideration. A short description of each is appended. 
The authors have attended, giving fall explanations, and stated 
their respective views, as will be seen in the evidence hereto 
annexed. . 

We must here express our opinion of the excellence of many of 
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the plana submitted to us; and although we cannot recommend 
any one plan for adoption in its entirety as meeting all the re- 
quirementa of the case, yet the principal features of some of them 
are embodied in the plan we have the honour to suggest, 

Some of the plans comprise the whole length of the Surrey 
Bhore, from Deptford to Battersea Park; and we have accordingly 
directed our inquiries to that extent. 

We propose to divide this district into three sections; the first 
extending from Deptford to Westminster Bridge, the second from 
Westminster Bridge to Vauxhall Bridge, and the third from 
Vauxhall Bridge to Battersea Park. 

With respect to the first section; as the existing thoroughfares, 
with the new street now being made between Southwark and 
Blackfriars road will, in our opinion, afford aufficiently convenient 
and direct means of communication for the traffic; and, as the 
flooding of the low-lying districts could be obviated by a more 
efficient system of drainage, there does not appear to us any 
public necessity for an embankment and roadway between Dept- 
ford and Westminster Bridge. The formation of such a rosd- 
way would involve a vast expenditure of money, and causea 
great disturbance of the trade and commerce of that part of tbe 
metropolis. If, however, the owners and occupiers of such wharf 
property should be desirous at any time of constructing an embank- 
ment which, while increasing their own accommodation, would 
insure uniformity of design, and improve the navigation of the 
river, we are of opinion that every facility should be afforded them 
for so doing, although we are unable to recommend that the cost 
should be y by the public. 

With respect to the second section, namely, from Westminster 
Bridge to Vauxhall, we are of opinion that a new and improved 
communication is necessary, and this, we think, may be effected 
by constructing an embankment and roadway between those 
points, The property adjacent to the river between Lambeth 
Church and Vauxhall Bridge is of au inferior character. The 
wharf walls are insufficient to keep out the water at high tides, 
hence many of the streets are at times flooded, causing distress 
and sickness to the inhabitants, who are for the most part of the 
poorer classes. — 

Between Vauxhall Bridge and Battersea Park, which comprises 
the third section of our inquiry, an embanked roadway would 
afford access to the Battersea station of the South Coast Railway, 
and to the goods station of the South-Western and Chatham and 
Dover Railways, would improve and embellish that part of the 
metropolis, and afford a convenient and agreeable approach to 
Battersea Park from the densely populated districts of Lambeth 
and Southwark. 

We, therefore, humbly submit to your Majesty that an em- 
banked roadway of about two miles in length should be formed 
between Westminster Bridge and Battersea Park, commencing at 
the east abutment of Westminster Bridge, on a viaduct of an 
ornamental character opposite the Houses of Parlinment, as far 
as Bishop’s-walk; thence on a solid embankment to the north side 
of the London Gasworks, continued under Vauxhall Bridge as 
far as Nine Elms on a viaduct, and thence upon a solid embank- 
ment, passing under the land arch of the railway bridge, and 
terminating at the approach road of the new Suspension Bridge 
at Battersea. The plan and section, which are appended to this 
report, show the direction and levels of the intended road, and 
the arrangements proposed for accomodating some of the occupiers 
of the most important of the waterside premises; and in suggest 
ing viaducts we have endeavoured not to interfere, more than is 
absolutely necessary, with the trades which must be carried on 
upon the banks of the river. 

The dredging of the foreshore in the front of the embankmeat 
to a level of 5 ft. below low-water will (particularly at Lambeth 
and Nine Elms) improve the navigation, compensate to a great 
extent for the loss of tidal water displaced by the solid portions 
of the embankment, and, as the foreshore will be formed under 
the viaduct of solid material, and on a suitable incline, it wiil 
tend to prevent accumulations of mud where the shores are fiat 
or uneven. 

Communications with the embankment would be made at Stan- 
gate, by prolonging Palace New-road, and widening Bishop's 
walk on the western side, Church-street, Broad-street, Vauxhall- 
row, High-street, Battersea-road, near Nine Elms goods station, 
New Park-road, leading to Wandsworth, and the station of tbe 
London, Chatham. and Dover Railway Company. 

The eatimated cost of this work, including land and sie 
sation, ia £1,100,000 ; but it is important to observe, that if the 
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resent favourable opportunity for carrying out this great work 
fe not at once inb the cost will necessarily be much ter, 
by reason of the increasing demand for land and buildings for 
trade purposes in and near to the metropolis. This scheme would 
be a metropolitan improvement; and with reference to the means 
by which the cost is to be defrayed, we consider that the coal 
and wine dues should be appropriated for such a farther period 
as may be necessary for the purpose. . 
All which we humbly report to your Majesty, 
Witness our hands and seals this 29th day of July, 1862. 
WiLLiAM CUBITT. Epwp. BURSTAL. 
JOSHUA JEBB. Henry A. Hunt. 
Dove.as GALTON. Joun Rosinson M'CLEAN. 
Hewny KiNascorz, Secretary.” 
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PRESERVATION OF STONE. 


Ix our fourth article on this important subject, we proceed to 
ive, as promised, a digest of the process of Messra. Bartlett 
ruthers, Camden Town, for the induration and preservation of 

stone; first however giving an analysis of the latest patent that 
has passed the Great Seal having the same object in view. 
This patent has been taken out by Mr. Herbert Church, and 
is to a great extent based upon the late discovery of Professor 
Graham, that of obtaining an aqueous solution of silica, We 
pay all deference to the discovery of such an important 
chemical fact, and feel deeply interested in the results; but, so 
far as we are able to judge, the solution is wrongly applied in 
thia particular instance. e materials proposed to be used by 
Mr. Church are an aqueous solution of silica, or an acid solution 
of silica, and cautio Dir ta: Beginning, then, with the aqueous 
solution of silica, le& us mention a few of its peculiarities, and 
then leave our readers to judge how far it is available for such 
uses as that we are deacanting upon, in a commercial point of 
view. The primary disqualifications are—lst. That it cannot 
be retained long in solution, but gelatinises in a comparatively 
short space of time. 2nd. Any agitation by transit or otherwise 
at once produces this thickening of the solution; so that in either 
case, from either cause, it is rendered inutile for any purpose 
where penetration is essentially necessary. Noue other than a 
comparatively limpid and true solution can enter the pores of a 
stone for any purpose whatever. As to the cost of the solution 
made by the agency of the dialyser, it must be considerable, and 
we cannot yet see how it can be produced at commercial prices, 
for surely no cost of induration should exceed the difference in 
price between a soft stone, and one that is hard and possessing 
the maximum degree of sey 

Before leaving the aqueous solution of silica, we would ask, 

wherefore should the potash be withdrawn, when in this alkali 
we have a valuable adjunct for all combinations with other bases? 
Let us illustrate our assertion by a well-known fact in nature’s 
operations, Felspar is a compound of silica, potash, and alumina, 
and forms one of the constituents of our standard of durability, 

ite, and it requires the action of centuries to reduce this 
[Apa to an inferior condition, yet is this at Inst accomplished 
by the removal, by atmospheric influence, of the potash. Hence, 
may we not infer that the sek of the potash is absolutely 
necessary ? Of course, with that which is over and above the 
correct equivalent we have not been dealing; bnt even a slight 
excess is a matter that requires due consideration, before we 
could pronounce it in the least degree harmful to the stone. In 
some stones, indeed, we are prepared to say it certainly is not; 
and in our last article on this subject we find Messrs. Coombe 
and Wright providing, by the use of silicate of potash, for any 
deficiency in the stone of this material; and not only in felspar, 
but also in the mica of the eae rocks do we find a large per- 


centage of potash, as the following analysis will show:— 
Felepar. Mica. 

Silica ... T 63:74 | Silica ... 53:75 
Alumina 17:14 | Alumina 24:62 
Lime ... 8:00 | Potash 2135 
Potash xs 18-06 | Loss ... 00°28 
Water and loss 3:06 

100-00 100-00 


Having thus proved the durability of these silicates of alumina to 
be dependent to a large extent upon the presence of h, we 
naturally deduce that the total removal of the potash is a dis- 
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qualification and hindrance to the combination of the silica with 
another base. 

The second solution proposa is an acid solution of silica; 
in fact, the very solution from which the former one would be 
separated by the dialyser. This solution is made from a silicate 
of soda or potash neutralised by an acid—say hydrochloric—and 
is, as the inventor specifies, made decidedly acid. We cannot see 
any advantage in this solution over the fluo-ailicic acid, except in 
price; plaiuly all the disadvantages of an acid action are there 
present, and these we have already enumerated when dealing 
with the fluo-silicic acid process of Messrs. Coombe and Wright. 
We then come to the baryta; this, says the patentee, must be 
caustic baryta, used by proterinee of a temperature as nearly as 
conveniently to boiling heat. We cannot attempt to remove the 
prejudices that will at once present themselves against such a 
caustic solution. Touching the commercial part of the matter, 
we must however say, that (as fairly acknowledged by the 
patentee) on the least exposure to the air, it becomes covered 
with a pellicule of carbonated material; and we might also ask, 
what substitute for brushes is to be found for manipulation, as 
all known kinds would, in a few hours, be reduced to a rotten 


1 
Pre however we leave the materials: and now for their 
application and combination. The patentee purposes, by the 
application of two solutions separately applied, to produce a 
mutual decomposition in the pores of the stone of the materials 
so applied; thus silicate of baryta is said to be deposited. The 
insuperable objection to the use of two solutions has always been 
the uncertainty of the proportion in which the separate solutions 
shall be presented to each other in the stone, and the difficulties 
arising from the liquid passing that which is already decom 
on the face of the stone to the interior. These difficulties have, 
to our minds, been always insurmountable; and the patentee 
seems to have his doubts, when he speaks of the use of vacuo 
and atmospheric pressure to effect the entrance to a desirable 
de of the solutions into the stone. We cannot but look on 
this patent as identical with that of Mr. F. Ransome; and this 
is another instance in which we have to advert to the difficulty 
of obtaining valid and secure patents under the existing state of 
the patent law, and the necessity that exista for patentees to be 
well advised in this matter. Were either of these patenta worth 
litigation, we plainly foresee that litigation would take place, to 
the vexation and damage more or less of both inventors engaged. 
Respecting the process of induration by silicate of alumina, 
referred to in the commencement of this notice, this substance 
Apps to fulfil to an extraordinary extent the requirements 
that past experience in the matter have shown to be necessary. 
Silica has ever been known to possess a great affinity for alumina, 
especially in the presence of an alkali. Fuchs saya, “ alumina 
combines with silica to form an insoluble product; thus in the 
manufacture of water-glass, the quartz should not contain any 
alumina, and the insoluble residue left behind when the mass is 
dissolved in water is probably owing to the alumina which the 
gan has taken up from the glass pot.” In the same pamphlet 
y Fuchs we reed, “ If for instance a burned plate of potters’ clay, 
which possesses no particular hardness, and can be easily broken 
in qos. is saturated with moderately concentrated water-glass; 
and if the soaking be repeated when it has become dry, it is ren- 
dered so hard that it resists both chemical and mechanical action 
which is made to bear upon it." Here, then, we have the highest 
and most uncontestible evidence of the affinity of alumina for 
silica and its enduring results, as far as insolubility is concerned; 
and looking at the constituents of granite, as given in the analysis 
of ita mica and felapar, we find this enduring material to consist 
chiefly of silica and alumina, and almost wholly of silica, Peroa 
and potash; and by a parity of reasoning, a procees that wi 
secure the impregnation of stone by these substances, seems to 
leave little to be desired, so far as its materials are concerned. 
In the case of & siliceous stone, where lime is altogether absent, 
we should have an artificial mica deposited in the stone; and 
where lime is nt it would be found snak into combina- 
tion, and without doubt producing an artificial felspar. The 
completeness of this process has been already remarked upon; 
for if tho before-mentioned elementa did not it of manipula- 
tion in a manner, the whole system would prove but a 
beautiful theory, not reducible to practice. An extract from the 
‘Annales des Ponts et Chaussées’ will show how far we are oor- 
roborated by M. Kuhlmann in our statement, who had already 
theorised in the matter. Failing in success with the silicate of 
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potash or water-glass seulement, he tried hydro-fluo-silicic acid; 
and then advancing another step, the ‘Annales’ state, “lastly, he 
has obtained excellent results from the fixation of potash in the 
soft limestones by substituting aluminate of potash for the 
hydro-fluo-silicic acid, the employment of which he has advocated 
with a view of forming in the stone a compound analogous to 
mica, He thus replaces mica by felspar, which likewise fixes 
potash in a state of insolubility. From this also he concludes, that 
in calcareous stones the presence of alumina alone may explain the 
fixation of a certain proportion of potash, and ought to remove 
every fear of any alteration in silicified limestone by the slow 
action of time.” 

Now here we undoubtedly have the theory of forming an arti- 
ficial mica or felspar in the stone by the use of successive appli- 
cations of silicate of potash and aluminate of potash; but as 
M. Kuhlmann from that date (1858) to the present time has not 
carried this system into practice, we deduce, as well as from our 
own experience, that in practice the application of two solutions 
in a separate form failed in practical working. To Messrs. 
Bartlett Brothers, then, are we indebted for the completion of 
the theoretical systems of both Fuchs and Kuhlmann, inasmuch as 
they have discovered that in an alkaline menstruum the silica 
and alumina may be used (with proper limits as to time) as one 
solution; thus, wherever the one is conveyed the other is present 
in its due proportion, leaving nothing to chance either concerning 
the presence of the re-agent or its due proportion. If then satu- 
ration of a porous body with the elementa of mica or felspar, for 
which element it has a great affinity, adds to it hardness, dura- 
bility, and consequent resistance of the injurious etfect of time 
and atmosphere, certainly that is etfected in Messrs. Bartlett’s 
process; and whilst we may look upon the “honourable mention" 
of the jury of Class II. as confirmatory of this opinion, we cannot 
see why their approbation should have stopped short of the 
award of a medal for the untiring perseverance and energy that 
has developed so satisfactory a solution of this important ques- 
tion. 


———.,9————— 


FOREIGN ENGINEERING MODELS AT THE 
INTERNATIONAL EXHIBITION, 1862. 
(Continued from page 244.) 

A sectional model one-twentyfifth the full size is exhibited of 
the Artesian Well at Passy, together with models one-tenth the 
full size of the appliances used in sinking it. We still avail our- 
selves of the admirable descriptions given in the French work 
already referred to, The well was begun in September 1850, with a 
diameter of 1:10 metre for the first 53 metres, which traverse the 
clay. After this firat portion was lined by tubing, the shaft was 
continued one metre in diameter through the chalk. After some 
accidents, such as breakage and loss of the tools at the bottom of 
the well, which caused but short interruption of the work, a depth 
of 528 metres was reached at the end of March, 1857, when the 
upper tube, which had been maintaining the pressure of the clay, 
collapsed, During a space of six months it was vainly sought to 
repair the damage by the usual modes of tubing artesian wells. 
It then became evident that more energetic means must be 
employed, and larger dimensions given to the shaft where the 
earth had fallen in and become soaked by land springs. The 
years 1858 and 1859 were occupied in sinking a cast-iron cylinder 
0:035 metre (about 18 inch) thick, and 3 metres in diameter, with 
flange joints, as far as it would go; strengthening this cylinder 
(which had been cracked by the pressure of the clay) by iron 
stays; continuing the well to the chalk 53 metres below the 

round level, by means of two other concentric cylinders of plate 
iron strengthened with angle-irons; and afterwards lining all the 
interior with masonry, thus reducing the diameter of the well- 
shaft to 1:60 metre. In 1860, the upper part of the well being 
thus repaired, the old sinking iu the chalk, of which the aides 
had stood, was cleaned out, and the sinking continued to the 
depth of 535 metres. A wooden lining was then let down, aud 
lowered as the work proceeded, but this lining could not be got 
lower than a depth of 550 metres. 

In order to continue the shaft, an inner tube formed of iron 
plate 2 centimetres (about }3-inch) in thickness was sunk, and 
thus a depth of 576:60 metres was reached. At this depth the 
borer met with & water-yielding bed (in May 1861); but the 
water rose only to within 3 or 4 metres of the ground level. The 
work of sinking was proceeded with, and in September following, 
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after having gone through a bed of clay, a second bed of aqui. 
ferous sand was met with at a depth of 586:50 metres. “the 
flow of water was plentiful and in variable volume. 

The present yield of the well in the twenty-four hours is 6200 
cubic metres, at a level of 77°15 metres above the sea, or 24 met. 


above the ground level; 
7,400 metres at 73:15 metres 
9,800 ,, 65:25 ,, 
12,800, 59:32 ,, 
16300  , 53:332 , 


(or at the ground level). i 

The instrumenta used were the sinking tool (a huge chisel 
armed with teeth), having a vertical motion, and breaking up 
and pulverising the earth, and a scoop with a valve for bringing 
up the stuf. The work was thus done by percussion, without 
any turning motion. The cost of the sinking amounted to about 
one million of francs, or £40,000. 

Well worthy of inspection are the models of dams or weirs, 
formed of swivel floodgates (hausses mobiles), which open when 
the water reaches a certain head, and close again when the head 
is sufficiently reduced. The models exhibited are one-tenth full 
size, and represent works constructed orin course of construction 
on this system ou the Upper Seine, the Yonne, and the Marne. 
The model which exhibita the scu papi adopted for ten of 
the dams on the Marne is particularly interesting, a8 showi 
an ingenious hydraulic method of raising or lowering the flood 
gates. Each gate is made twice the depth of the movable dam, 
the pivot being level with the bottom of the dam, and the lower 
half awinging in a sunk chamber of the form of a quarter ovlinder, 
formed of plats iron, into which the water is admitted on one 
side or the other, according as the upper portion is required to 
be raised or lowered. This modification is due to M. Louiche 
Desfontaines, a chief engineer of the Ponts et Chaussées. 

The Brest Swing Bridge is exhibited in a model one-fiftieth 
the full size, and further illustrated by a model, one-tenth the full 
size, of one tower with its mechanism. This bridge forms the 
communication between the towns of Brest and üvranoe, 
across the Penfeld, which separates them. The clear headway at 
high-water is 19:50 metres, and the distance between the facea of 
the abutments 174 metres. The width of peal A is 5 metres, 
and that of each footway 1:10 metres. The two halves of the 
swing-bridge rest each on a circular pier having a diameter of 
10°60 metres at the top. These piers are 117 metres apart, from 
centre to centre, leaving a clear opening of about 106 metres. 
This is equal to the width of the channel forming the military 
port, so that the construction of the bridge, which is at the 
entrance of the port, caused no obstruct'on to the movements of 
the vessels of the navy. 

Each half of the swing-bridge is 772 metres deep at the face of 
the piers, and 1°4v metre at the end, and is formed of two open work 
iron girders, haviug T top and bottom flanges, and bracin 
formed of standards and St. Andrew’s crosses. The lateral stiff- 
ness, so necessary to a swing-bridge, is secured partly by a 
complete network of bracing connecting the bottom flanges of the 
two girders, while above a platform of two layers of timber with 
the joints crossed contributes towards the same end. The tail-end 
has the form of a box, and contains the counterpoise weigh s to 
balance the fore-end. The spacing of the standards of the 
girders is so adjusted as to bring two standards of each girder 
right over the ring on which the bridge travels. Thus four 
principal points of support are obtained, which are strengthened 
in a special manner by means of columns. These columns are 
connected by four strong crosses of St. Andrew, and traversed by 
a circular tower of iron plate of strong construction, and provided 
with platforms at top and bottom. The whole arrangement thus 
forms a firm and compact structure, connected at once with the 
girders and with the travelling ring. 

The arrangement of the rings has much in common with that 
of railway turntables. The details are, of course, on a conside- 
rable scale, the load to be dealt with being about 600 tons, and 
the diameter 9 metres. The number of rollers ia 50; their mean 
diameter 0°50 metres, and their length 0°60. The rings were 
turned on their faces, upper and lower, with peculiar care; and 
for this purpose a special apparatus had to be made at Creusot, 
at a cost of 75,000 francs (£3,000). The fixed ring has teeth 
in its external circumference, in which works a pinion having 
its shaft fixed in the moving ring. The other end of this 
shaft carries a toothed wheel, which is worked by a second 
pinion horizontally fixed on the driving-shaft. The latter is 
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vertical, and comes as high as the platform of the bridge, 
where it carries a cross-head furnished with capstan bars. By 
this arrangement the men who are working the bridge can seo 
what they are doing: and there 1s also the advan that the 
moving power can readily be increased in case of need. As soon 
aa the bridge ia in place the cross-head is lowered beneath the 
platform, which is thus left clear for the traffic. 

In order to make the roadway as steady as possible while 
carrying the traffic, contrivances are added for levelling the 
bridge at the fore and tail-end of each of the swinging portions. 
At the fore-end there are iron screws, which are driven from the 
one-half of the bridge into the other when closed, so as to stead 
the junction. The tail end is furnished with levers, by which it 
is brought to the level when the bridge is in place. An ingenious 
mecbanism is provided for prink each half of the bridge by 
hydraulic power, so as to enable the rings to be repaired when 


necessary. 

The preceding notices have sufficed but to sketch a portion of 
the engineering models of our continental neighhours, and the 
works which they illustrate. The whole display, in the French 
department more especially, is highly honourable to the exhi- 
bitors, And acknowledgment is due not merely to the professional 
skill and ingenious resource everywhere manifest, but to the 
broad and liberal spirit, and the faithful and lucid exactness, 
with which every circumstance, detail, difficulty, or expedient is 
brought forward to contribute to the common stock of scientific 
experience. 

————É9——— 


NOTES OF THE MONTH. 


Reports of tha Juries of the International Exhibition, 1862.— 
The Council of the Society of Arts have undertaken, with the 
co-operation of H.M. Commissioners and of the Juries, the pub- 
lication of the Reports of the Juries descriptive of the progress 
of industry since the Exhibition of 1851. The production of this 
work is intrusted to Dr. Lyon Playfair, the special commissioner 
of the juries. 

Discovery of a Mediæval Tryptich.—In the recent clearance of 
pews, galleries, shrines, and antiquities in the choir of Hexham 
Abbey, the Ogle Shrine, which had been converted into a pew, 
was taken down as well as everything else. It stood on the south 
side of the choir, occupying one bay, from pillar to pillar, and 
was enclosed by open-panelled and carved oak screenwork of 
Perpendicular workmanship, the interior of which was snugly 
covered with green baize. When this covering was torn off, the 
altar-painting of the shrine was found to in situ. This 
interesting relic, doubtless thus hidden since the Reformation, is 
a tryptich of the 15th century. It has a massive frame of oak, 
aft. Zin. by 6ft. Gin., of the same character of moulding and carv- 
ing as the screenwork empaling the shrine. The three panels of 
the picture are of an uniform size—1ft. 10in. by 3ft. 8in., and the 
subjects in each are confined within an outline of a vesica form, 
and enriched with diapered backgrounds. The centre compart- 
ment represents Christ in the act of rising from the tomb, the 
lower half of the figure Pos] concealed by the decorated side slab. 
The eyes are closed and head bowed down, an expression of incon- 
ceivable sorrow aud compassion pervading the features. Blood 
Streams from the crown of thorns and from the wounds. Above 
the crown of thorns, which is curiously raised in slight relief, is 
a gorgeous nimbos, which, it is evident, once blazed with gold. 
This ornament is in bold relief, as are two candlesticks placed on 
either side of the tomb. Below the tomb and behind the nimbus 
and in other interstices there is a diaper of goldstars. A wavy 
vesica of clouds confines the whole, which stands out thus cloud- 
encircled from a deep crimson background, diapered with hex- 
agonal sombre-coloured rosettes, each rosette containing the 
letters L.H.C. painted in the same tint. The compartment to the 
left of this contains a full-length figure of the Virgin holding the 
Infant Christ on one arm, aud a sceptre, annonncing her sove- 
reignty as queen of heaven, in the other hand. The nimbus of 
this figure is also in high relief, and is more elaborate in design 
than that upon the head of Christ. A raised nimbus surrounds 
the head of the Infant, and the sceptre is richly ornamented in 
relief The robe of the Virgin is of a crimson colour, and has a 
small geometrical pattern upon it. It is fastened upon the breast 
with a row of embossed clasped ornaments. Over the arm on 
which she holds the Child and below her waist falls a piece of 
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amber-toned drapery covered with fleurs-de-lys. This figure 
is surrounded by a double border of golden rays following the 
same vesica outline, behind which the background is diapered 
with starry circles The third compartment is filled with a 
representation of St. John. He bears in one hand a chalice, 
in the other & palm branch. The edge of the chalice, its 
stem, and its base, together with the nimbus of the saint, 
are all rendered in the same character of ornament as that 
of the other subjecta, but of different designs. The vesica out- 
line of this painting is formed by a flowing scroll-like pattern. 
The diaper of the f keround is similar to that of the Virgin'a 
el. Portions of the curious raised ornament are lost, And die 
of the centre panel has been used roughly; but, taking into 
consideration that the picture has, unknown, formed part of & pew 
for perhaps three centuries, it is in wonderful preservation. 
According to contract, as part of the "old materials," this rare 
relic became the property of the joiner, of whom it has been 
purchased by Mr. F. R. Wilson, architect, Alnwick. 


Proposed new Building for the Patent Offce.—The Commisioners 
of Patents have just communicated their report to the Lords of 
the Treasury, on the subject of building a new Patent Office 
Library and Museum, and they report favourably on the under- 
taking. The document recapitulates the report made on the 
same subject by the Commissioners of Patents in 1855, which 
recommended the provision of increased accommodation and faci- 
lities for the researches of persons interested in inventions and 
patents. The nt commissioners state that in 1860 they 
suggested Fife House and gardens in Whitehall as a convenient 
site for the Patent Office buildings and museum, and one that 
would unite all the necessary requirements. The question of the 
embankment of the river stopped the way at that time, and hen:e 
negotiations were again suspended. The report states this 
difficulty is now removed, and it is consequently open to her 
Majeaty’s Government, if it should think fit to do so, forthwith to 
appropriate the site of Fife House for the erection of the Patent 

ice buildings. 

An Underground Railway for Paris—When the Prince Napo- 
leon was in London lately, he wentover the Metropolitan Railway, 
and, on his return to Paris, he reported so strongly in favour of 
it that the Emperor has already, it is said, ordered a subterranean 
line from Montmartre to the Louvre, to be commenced forthwith, 
and has appointed Mr. Fowler consulting engineer to the 
undertaking. 

Kitchen Ranges in the International Exhibition 1862.—An 
inspection of the different arrangements of kitchen ranges dis- 
played at the International Exhibition in Clasa 31, and an examina- 
tion of the advantages claimed for them by their inventors, would 
well repay those interested in the subject, the opportunity for 
comparing so many varieties in one place being rarely afforded. 
The collection, although containing many examples which appear 
at first sight to embrace the necessary requisites to secure eco- 
nomy and efficiency, is yet, with very few exceptions, singularly 
deficient of examples exhibiting features of usefal novelty. The 
number of exhibitors of cooking apparatuses is about forty, of 
whom only five or six adopt the old-fashioned form of open grate. 
In the majority of them an enclosed fire-place is substituted for 
an open one, a great improvement which, after having been lo 
unavailingly; urged upon public attention by scientific men, an 
one or two of the more skilful manufacturers, received a con- 
siderable impulse from the Exhibition of 1851. The course pur- 
sued by the exhibitors in most, instancea appears to have been to 
imitate one another, displaying but little earnest endeavour to 
remove even those defects in the generality of “ close” ranges 
which the experience of the last ten years has rendered noto- 
rious. These may be briefly stated to consist in the absence of a 
satisfactory arrangement for roasting meat before the fire without 
interrupting the use of the oven, &c.; the inability to control the 
too great rise of temperature in the kitchen; and the annoyance 
occasioned by tha odour of cooking being diffused over the house. 
In addition to these evils, in the majority of cases a faulty con- 
struction of both fire-place and flues has prevented that real 
economy of fuel which the close form of stove was intended to 
secure, and of which it is certainly capable. The kitchen range 
(No. 6002, class 31), manufactured by Messrs. Brown and Green 
of Bishopsgate Street Within, we have inspected in operation, 
and it appears to us completely to remedy the defects enumerated 
above; as yet it is the only one of which we can say so much. 
This range is 14 feet in length; contains four roastera or ovens, 
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and three boilers. It is stated that it is capable of pi 

for more than 2000 persons, with a consumption of leas ee one 
ounce of fuel a head, and that this result was proved by a trial of 
this particular range by the Inspector of Cookery for the army, 
by order of the War Departincnt, Similar advantages are secured 
in the smaller ranges on the same principle, for family use. This 
firm was one of the first to manufacture close cooking-ranges in 
England, providing ovens properly heated and ventilated, and at 
the same time supplying a deliverance from the intolerable smoke 
nuisance. From that time to the present, nearly a quarter of a 
century, they have devoted their skill and experience to perfecting 
their invention. The apparatus exhibited is the largest and by 
far Apel mera pence in the building; and in addition to 
the merita of its arrangement and simplicity of action, 
reflects great credit upon the firm for the excellence of ite work- 
manship and finish. The award of a medal in this instance we 
heartily approve. 


——— —fle-————— 


OLASSIFIED LIST OF PATENTS SEALED IN AUG. 1862. 


: 964 Moncton, E. H. O-—Obtaining of ammonia by electricity from tho products of 
combustion— January 81 
Bcheurw P.—Treatment of fatty matters—January 81 
1871 Soas, V. .—Manufacture of soap—May 7 
Stoebr, 


878 Me A. F. M.—Manufacture of manures aoe 18 
anons, (com.) obrany 


856 Wood, W.—Manufacture of liquorice Fe 

889 Mennons, M. A. F —Vapour bath (com coe Fobeuary 10 

= Hoghen, E Lene gas from IET IRE 17 

-—Gas meters —January 81 
iu M A. “Get ne eaa by Rue February d 
ennons, - el 
Davis, hie ates i z pase gas—February 19 

486 Johnston, W.—Gas lamps or stoves—February »: 

495 Davis, L, wanes Parkes, F. M.—Production of gas for lighting, &c.—February 4 
1248 Gwynne, J. X. A.—Cen! April 29 
1138 ro^ J. G.— lating flow PE a gas, or water—June 10 

623 Vari, UP for répulating the flow of water, &o. —Feb. 26 
643 Woe W.B S Apparatus ee 37 

499 Carnaby, ves &c. of gas pipes— February 25 


538 Adams, 3 - Valves &c. of gu p pee- Fobroary d 37 
606 Hack, T., Carter, A. K. —8cre 

885 Tolha F.— of eti wheels (com. € 1 
898 McConnell, J. X. Railway yl com) ) 

646 Makinson, A. W. —Looomotives-- February $5 al 


1020 Funnell, X. 0.—Self-acting indicating I.—April 10 
859 Johnson, R. — Welding wires for ee » ko. February 1 
848 Haworth, J.—Telographic signals—. 

418 Chatterton, J.—T: Mapa e Fobra) 16 
588 ch a Sir C. T. February 97 

614 . W.—New mode of carriages by electricity— February 25 
284 Lancaster, O. W. Pirin pepe ordnance of cast-iron—February $ 

289 Meakins, "T. M. Obtain explosive fore; and in projectilos— February 4 
374 Horaley, Jun. -Breech | arme— February as 

696 Sidebottom, J.— Fire-arms and projectiles—March 

1658 Newton, W. E.—Bhot-proof towers and their working—M ay 81 

1198 S rei J. H.— e. (com.) —Iune 18 
488 dan. J. C.—8 and etme “ 

303 Bolton, F. J.—Rife toppers and OM ded ed 

1884 Victor, J.—Manufaoture of safety fuses for mining and other purposes—May 5 

820 Tonkin, J.—Manufacture of gunpowder— February 6 


868 Hetherington, J.—Spinning thachines— February 11 

419 Crawford, H. & J., Templeton, R. - Padi. looms—February 17 
472 Kirkwood, J. —Weaving looms — February 2% 
1886 Lord, Josiah — Wearing looma— June 27 

468 Hamer, W wb cotton &c.— February 


CET ROT UII m 


506 Watson, T., Dracup, R.— Wool com pobre 25 
1880 Taylor, x — Doffer carding en mE 21 sd 
1189 Newton, W. E, —Manufacture of open fabrica (com.)—April 28 
541 Foster, J. R.— Manufacture of bullion ‘ings or cord—February 27 
408 Turner, C.—Felted fabrics— February 15 
A amaa PU EU PPM or lng dob paru 
endle! — ery for fo! or Fel 19 
492 Kirkham, J. N.—Bleaching and dos yam in the oopa — February 24 
Roe aac i g .—Dressing yarns by Pah sist do dis 
Vewton, A, V.— ani oom. une 2 
EE E a 
‘orton, fa —Fe 
$61 McConal, J. pora. piense oa cat darsi pires et A 1 
. 459 Spence, J.—Mode of transhipping grain (artiy a oom. --February 21 
44 E. 8.—Boring irr n ve i 
249 Smitb, Wm.—Bricks, tilos, &ç.—February 


Teepe. 1, tiet 


$11 Bamlett, A. C.—Reaping and mowing machines—February 6 
1644 Nowton, W. E.— Handles of sh: dang forks, &e, (com.) —June 2 


511 Cranston, W. M.—Rea d i (parti, 
B66 Reynolds, 8. G. Fowerapading machiiee March i o > om Piran ® 


' 904 org si by er oy ma (com.)—March 81 


ng mnc FEDEUAIT 18 


482 Foster, R.—Horticaltural February $2 


512 rd, C.—New composition for manufacture of bresd-- Fi 
837 n, » CE DOE DNE NEN 


od Mme 3 Enrdop CEA 2. pod peret February 
IDAD, — Envelopes or or Fe 13 
460 Skellorn, R. H.—Self-inking pere ena or preas— February 21 
$89 Burrows, G. C.—Loanging seata, chairs, &c.—February 18 
$51 Fyfe, J.—Kuapsacks— Fo 
Brooman, R. 


k, : 
866 Robb, 7 J.—Ventilation— Fei 12 


868 N , E. T.—Ventilstion— h 28 

461 Ww H.—Ladies s&ddles—February 21 

Ic m 
6UDOD8, — Means of arrest (00£0.) —: 18 

415 Harrison, A. H.—Under ients— Pe 71b i } 

448 Wilcox. —Manufacture of or ruffles ~ Fe! 19 

480 J.—Bat and mice traps—February 18 


fal met) barometer and eni joe March 1$ 
521 Clar! .— Clasps for jewellery (com.)—February 26 
438 Watkin | ree and materials for oe ena 18 


rt} Blakey, G. 8. & J.— or galers—Febraaty f 
1680 Chanbart, L.— Method levels in amada, &c,—May N 
485 Marzetti, bruary 19 


465 Pickin, R. & W. E.—Carrlage bodies —February 21 

1182 Robertson, A.—A. "us aratus for pro jecting fluids—April 28 

AM Bin K, and tan ugh, H. ae broar $ 
1810 Cradle, JL Parasols &c.— May 29 k 7e 

899 McFarlane, T. D.—Sewing machines — February 14 

or Linde T, yie Ta lor, P.—Bewing machines Apr 4 
1194 Boul d. T Sewing maaha s 


os (com.)—April 17 
554 Baid 4. a eti ahi co March i = 
601 Partington, E.—Preparing for Ld 
516 Green, A. — Manufacture Srenvelopee with i black borders &c. — February 26 
315 Astley, P. H.—Life boats, &c.—Feb. 6 
873 Samu: elson, A. „p Balding ships and ker cha bent A 12 
td Stephen, A.—Building ships and vessels— February 26 
868 Ashe, W. A.—Mode of dri shafts of propellers (com.)—March 28 
rae ET feel am obtu] 13 ‘ j 
E erg — Fe 
E Parker, J.—Propelling vessels by steam—-Fobruary 28 
545 Munts, W. H. Paddle wheels. February 34 
1618 Griffiths, E, —Propellers — May 29 


830 Bartholomew, W. H.—Barges or vessels for canals--February 7 
$83 Abel, C. D.— Towing boats or other vessels — February 18 

418 Russel, J.—Raising sunken veesels—February 16 

Midhurst, J.—Reefing sails, &c. 


Whitehouse, J.—Door knoba, metallic mountings for ditto — A pril 8 
E n cM iron furnitare ornaments 1S ee ea ahaa 12 
dams, —Manufacture an arrangement of springs. 
p Bromhead, 8. 8.—Coal-box— March 
9 Charasse, H.—Ornamentation of ie. bedsteads— February 22 
Ma Atwood, C. —Manufacture of iron and steel-—-May 15 


685 Gjers, J.—Sand or material for moulding iron castings— March 4 


550 Charcouchet, J. L, —Machipes for breaking MOM lema 28 
4 Smith, F. G. ‘Crushing machines—February 24 
26 Knott, C. Iran. FEET M 
d Williams, W .—Pianofortes— February 18 
$58 Brinsmead, J. FM gue verbia 11 
1383 Broadw F.— Pianofortes—A pri! 80 


$90 Allen, E. E. AU of steam-engines— February 18 

488 Johnson, W. B.—Construotion of steam-~engines—-February 22 

491 Clark, W.—Feeding steam-boilers (com.)—February 34 

865 T. F.— Vertical boilers posui ia 

$84 Davison, T.— Prevention of boiler incrustation—Pebruary 13 
1459 Purter, C. T. Wert nodis not (com.)—May 14 
1880 Tate, b.—Smel! 

447 Bousield, G. T.—. rire oe tor corrosion (com.) —February 19 
371 Joseph, J. 8.—Utilixing waste heat from coke ovens— February 11 
876 o 8.—Improved retart e M Cele 

set J.—Steam cylinders and pistons-—Fe 13 

441 Symons, N.—Tieam cylinders and pistona— February 19 

694 Clif, J.—Glasing earthenware—February 25 

299 Gellafent, D.—Obtaining motive power from elastic vapours— February 
644 Asmar, P, D.—Keyless watchee—February 38 
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Designed by J.Drayton Wyatt, Archt 
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ORNAMENTAL KEYBOWS IN THE INTERNATIONAL 
EXHIBITION, 1862. 
(With an Engraving.) 

THE ornamental metal work of which we give an illustration 
forms part of a set of locks and keys exhibited in the Wolver- 
hampton court, in the style and manufacture of which has been 
revived, as closely as possible, the principles of ancient wrought 
work, To the enterprise of Mr. G. Price of Wolverhampton is to 
be attributed the great degree of perfection to which the iron 
aafes and locks patented by him have been brought, and he has 
deservedly earned one of the only two prize medals awarded in 
this “class.” The keybows in queation have been manufactured 
expressly for the Exhibition, from designs by Mr. J. Drayton 
Wyatt, and they may certainly be pronounced to be the most 
complete and elaborate series which modern skill has produced. 
There are four ornamental locks, in which the several patterns 
have been executed with marvellous precision, nor are the key- 
bows, between 20 and 30 in number, and all varying in character, 
less deserving of praise. From the nature of the hand-work 
required, the patterns have been devised as much as possible 
with & view of giving effect to simple and characteristic forms, in 
which the perforations have all been drilled through by manual 
labour, and hence the sharpness and brilliancy which have 
invariably been secured. In some of the patterns monograms 
have been introduced, others are circumscribed by inscriptions, 
another variety has jewellery inserted among the scrollwork, and 
a fourth (which we shall include in a succeeding plate) is of a 
strictly “ masonic” character The addition of incised lines occa- 
sionally, and of colour as a groundwork to throw up the mono- 
grams, has proved a decided advantage in imparting, not only a 
variety, but a still higher finish of effect. 


THE INTERNATIONAL EXHIBITION, 1862. 
Architectural Objecte. 


Ix the south transept of the Exhibition, near the eastern dome, 
a considerable space is allotted to what are called in the catalogue 
" objecta shown for architectural beauty," oe chietly of 
works in stone, marble, and slate, to which more or lesa decora- 
tion has been applied. Some few of these have before come 
under our notice at other tun but the majority, though in- 
tended for some special destination, have n secured for 
previous exhibition here. Thus, the model of the font (2430, 
Class 10.) designed by Mr. Daukes for Witley Church, and for 
which a medal has been awarded, has been already referred to 
in connection with the Architectural Exhibition in Conduit- 
street; but it is of so peculiar a type, that it ia an excellent con- 
trast compared with one or two others near it. The oak cover 
is an important feature; it has a textual inscription round the 
base, and is surmounted by a figure of St. John the Baptist: the 
whole is the workmanship of Mr. Forsyth. The same band has been 
worthily and extensively employed by Mr. Slater in the elaborate 
carving which is bestowed upon the new stall ends, &c. (5705, 
Class 30) for Chichester Cathedral, some of which are here shown, 
and some are in the Mediæval court. Of the beauty of their gene- 
ral form, and the merit of their execution, there can be but one 
opinion; but it is just questionable whether for such a situation 
a little more solidity in the material, and a less florid enrichment, 
might not have been advisable. Figure sculpture, too, might 
have been introduced more freely with advantage, interspersed 
with the foliated panels, which, though really varied, have 
nevertheless the effect of too much repetition. For these a medal 
has also been awarded. 

The chief attractions to these courts are unquestionably the 
inlaid specimens of decorative materials, as illustrated in the 
several reredoses, pulpits, &c, in which it is difficult to sa 
whether the conception or the work has been most successfu. 
Perhaps the most novel and vigorous of these is the reredos, 
from the design of Mr, Bentley (2437, Class 10), executed by Mr. 
Earp, of whose works honourable mention is made. Without 
bearing the slightest resemblance, in composition, to the reredos 
y the same gentleman which we illustrated in the last number 

our Journal, a similar feeling is conveyed in some of its 
détails: it would have been well however to have preserved a 
little more simplicity in some parts, so as to give more value to the 
rest. This reredos 1s in three compartments, separated by marble 
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shafts, with richly detailed capa and bands; on each of these 
shafts, under a canopy, stands an angel with uplifted wings— 
these personify respectively Uriel, Michael, Gabriel, and Raphael. 
Each compartment contains a vesica panel, the middle one bein, 
enriched with a cross, and that on each side with a sculp 
subject—the right hand one, the Annunciation, being particularly 
successful. Under these vesica panels are smaller ones, of quatre- 
foil sha ix in all—and illustrative of “virtues overcoming 
vices.” Thus, Chastity is represented as opposed to Lust; Tempe- 
rance to Gluttony; Faith to Idolatry; Charity to Envy; Peace to 


“Discord; and Bounty to Avarice. The general groundwork of the 


reredos is alabaster, incised patterns being freely used in surface 
decoration, as well as exclusively for the subjecta in the lower 
panels. 

A reredos (2440, Class 10), exhibited by Messrs. Poole and 
Sons as a specimen of inexpensive decoration, has the subject 
of the Last Supper incised on a large scale, and in a very masterly 
manner. The effect depends entirely on the outline and com- 

ition generally, the aid of carving, and even mouldings, 

ing all but entirely dispensed with. In conjunction with 
this should have been placed (but they are separated) a por- 
tion of the corresponding wall decoration, which is also of the 
simplest kind, the surface being divided into small squares by 
incised stripes of colour set diagonally, and slightly relieved by 
inlaid ornament. A plain moulding, fitted with flat oonven- 
tional foliage, runs along the top. This work has most deser- 
vedly received a medal at the Landi of the jurors. Another 
reredos, by Williams, of Ipewich, is far from being satisfactory . 
either in design or execution: it is of Caen stone, arcaded. with a 
central subject under a flat ogee arch. The other work of this 
class is the production of Mr. , from the design of Mr. Street; 
and it is needless to remark that it possesses a high degree of 
merit. The leading outline is original, but effective; its chief 
feature consisting «f the carved subject which occupies the 
centre, under a pointed arch, and which represents the Agony 
in the Garden; the background to this pauel is filled in with a 
triangular mosaic me» On each side is & niche containing 
the figures of St. Philip and St. James, to whom the church for 
which it is intended (at Oxford) is dedicated. 

A very handsome pulpit, from the same hands, and to be 
placed in the New Church at Bournemouth, is a conspicuous 
object in this class. In plau it is circular—apparently a favourite 
form with Mr. Street—and the upper part has an open arcade all 
round, the shafts being of marble, and the arches trefoil cusped. 
In the spaces between the arches are small carved heads under 
gablets attached to the cornice. Below the arcade is a circlet of 

uatrefoil, in richly efficient colours, composed of various marbles. 
the stem consists of a cluster of shafts, executed in red Mansfield 
stone, and having moulded capitals and bases, the whole restin 

on a plain plinth. The Corsham Down stone pulpit, exhibi 
by Messrs. Cox and Son, is a curiosity in its way. The stem 
represents the trunk of a tree, and the boughs and leaves which 
arise from it form the pulpit itself. Though conceits similar to 
this may be seen in some continental churches, it is an innova- 
tion which we should t to see introduced into this country. 
Near this eal is a font, sculptured by Mr. Earp, from the 
designs of Mr. Teulon. It is octagonal, having on each side a 
sunk panel of fanciful shape, and onte. mono 8, the 
lamb and flag, &c. The bowl is supported by marble shafts, 
one under each angle, and on their capitals rest angels 
bearing & scroll text, which is continued round the whole 
circumference, At the base are the emblems of the four 
evangelista. 

The noble doorway in Steetley stone, which is to form the 
entrance to the Mortuary Chapel of the Digbys, at Sherborne 
Minster, is one of the boldest and most effective of Mr. Slater's de- 
signs; and, though unfinished, bears evidence that it will lose no- 
thing in the hands of Messrs. Poole, by whom it is being executed. 
In style it partakes most of the "transitional," the arch being 

inted, and having four square orders of mouldings over the 
dent recessed shafts in the jambs, These latter are of different 
marbles, with bold cape, bands, and bases; the intermediate 
angles being filled in with rich conventional ornamentation, as 
are also the spaces above the plinths. The door itself is 
square-headed, and in the tympanum over is sculptured the 
Resurrection. 

The competition subjecta for the prizes lately offered and adju- 
dicated by the Ecclesiological Society, through the Architectural 
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Museum, find here a fitting place.. The teet was as to the treat- 
ment of colours only, each competitor working on & copy of the 
same model, namely, a three-quarter figure as & bas-relief in a 
cusped Gothic panel. Three prizes were awarded, the first bei 
given to Mr. J. P. Wood, The competition subjecta, too, in w 
and stone carving, exhibited by the Ecclesiological Society, who 
have received a medal, may also here be seen ; the first prizeman 
in the former being Mr. H. Reynolds, for a foliage panel in oak, 
and for the latter Mr. Samuel Ruddock. 

Californian marble, as a comparatively new material, will be 
examined with interest, and several specimens (2428, Class 10) 
are exhibited by Mesars, Edwardes ang Burke, of 142, Regent- 
antreet. In particular we may call attention to the large spar-like 
slab of almost a transparent amber colour, interspersed with 
darker tints, and having a very rich effect. There are also some 
smaller specimens showing these marbles inlaid in patterns. The 
productions of our own Serpentine Marble Company (2444, Class 
10) are too well known to need description, and are recognized 
by the award of a medal). Its applicability to various ornamental 
ead inary is well shown by the numerous collection of vases, fonts, 
obelisks, &c. which are here Ta T Terra-cotta, too, is not 
without its advocates, and Mr. M. H. Blanchard is one of the best 
exponents of its uses (2423, Class 10). In addition to objects 
with which we are more familiar, there is here exhibited a fire- 

roof stairease, constructed in this material, and which appears 
ikely to answer the intention, nor is it in itaelf by any means 
an unattractive feature. The oolour of the terra-cotta is a 
pleasant one, while this and the material admit of the introduc- 
tion of tile or mosaic patterns in both the treads and risers, 
thus greatly heightening the effect, which is also decidedly 
novel. To the excellent production of Mr. Blanchard a medal 
haa been awarded. Mr. Pulham (2441, Class 10) is also an ex- 
hibitor of terra-cotta articles, and has reoeived honourable 
mention. The table shown by Mr. C. Clay of Sidmouth-street, 
Gray’s inn-road (2426, Class 10), of which honourable mention 
has been made, is more a curiosity than an article of beauty. 
It is stated to contain 1363 pieces of marble, some unquestion- 
ably very choice in their way, but as a whole not very telling, 
for the want of being better arrauged. In polished granite 
there are a few specimens, shown by Messrs. Robertson and 
Hunter, though they do not appear to have any special preten- 
sions. 

The respective colours and qualities of the several bedr of 
Portland stone are displayed in the column exhibited by Mr. 
Field. The plinth is constructed of what is termed the “Roach” 
kind, which is suitable for river, dock, and sea walla, bridge 
abutments, and the like; the shaft is of “ Whitbed," which is 
adapted for all kinds of work, and bas been used in Somerset 
House, the British Museum, &c.; the cap and base are of “ Base" 
bed, or “ Best" bed, which is of a lighter colour, and is more 
fitted to inside work generally. 

The various capabilities of Magnus's enamelled slate (2435, 
Class 10) are well illustrated by the 1 show of articles which 
that gentleman exhibits, and to which a medal is awarded: 
among othersa large ornamental coil case for hot water apparatus, 
several sideboards, billiard tables, chimney-pieces, &c. Messrs. 
Jackson and Son’s carton pierre (2434, Class 10), too, has been 
more than once commended in these pages. It is a material 
expressly suited to florid ornaments, both in relief and on the 
flat, as the very handsome Renaissance chimney-piece and pier- 
glass, which is their principal contribution, will attest. A 
medal has been awarded to this firm for the introduction 
of this material. 

Messrs. Stuart and Smith (No. 6223, Class 10), of Sheffield, 
have bestowed t pains upon the superb fireplace, polished 
stove, with ash-bars aud fender to match, which they exhibit. 
The kind of wall-surface proposed for the room is shown also, 
with & method of treating the decorations of the cornice and 
ponen generally, so as to produce a harmonious effect, and the aim 

as certainly proved successful. It is much to be regretted that 
in the ordinary way such subjects are not considered ae a whole, 
but simply in their individual parts; hence that incongruity, not 
to say absurdity, which is continually allowed to mar the best 
intentions, and negative the result of an expensive outlay; all for 
want of either due consideration, or the judicious aid of taste and 
experience in such matters. 
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THE CONSTRUCTION OF LIGHTING APPARATUS 
FOR LIGHTHOUSES.* 
By ARMAND MASSELIN. 
(With Engravinge.) 

Tue construction and illumination of lighthouses constitute one 
of the most important of public undertakings at the present day. 
The development however of the comparative perfection now 
attained in these two departments has been gradual and unequal. 
During the century that has elapsed since the erection by 
Smeaton of the Eddystone lighthouse, when engineering was 

tly in advance of practical optics, the art of building towers 
| Page Ael few improvements, while the apparatus for illu- 
ing them has by the introduction of the dioptric system 
seruire a striking degree of excellence. During nearly the 
whole of the last century, and iu some places as late as 1816, 
open coal fires, improvéd occasionally by a flat brass plate placed 
on the land side, were the rude meaus cg Kap: to for 
producing light. The Eddystone tower had a lantern to protect 
the weak light given out by the few miserable tallow candles 
which were then used, and only in 1807 were these replaced by 
lights furnished with silver-plated parabolic reflectors. Distinc- 
tion of one light from another by its appearance at night, a point 
nearly as important as the range of the light, was of course out 
of the question. 

Lights on the catoptric or reflecting system, composed of silver- 
plated parabolic reflectors provided with plain cylindrical burners 
placed in the focus of each, were used exclusively until 1822, 
when Augustin Fresnel invented and erected on the Cordovan 
tower his first dioptric or refracting light. The catoptric or 
reflecting system was, in comparison with the imperfect means 
previously available, a valuable improvement, and under later 
modifications is still in extensive use in this country; but having 
many serious imperfections it is gradually disappearing before 
the dioptric or refracting system. 

The latest optical and mechanical improvements in the dioptric 
system are illustrated by the fixed light of the Smalls Rock, near 
Milford Haven, and the revolving bene of Lundy Island, both 
constructed by Messra. Chance, and the latter attested by mari- 
ners as the moat powerful light in Great Britain, flashing over 35 
miles of the Atlantic. In the present paper it is intended only to 
notice briefly the existing state of reflecting and refracting appa- 
ratus, and the relative meritsof each, before giving the particulars 
of their mechanical construction. 

In the dioptric or Bürger system, only one lamp is used, 
placed in the vertical axis of the apparatus. In fixed lights, as 
Shown in vertical section, Fig. 1, Plate 22, the middle or dioptric 
part having the lamp in its centre is cylindrical, and composed of 
a series of refracting rings or lenses A, shown black, which 
are so shaped as to give a horizontal direction to all the rays of 
light that fall from the lamp upon theirinner faces. All the rays 
of light passing above and below these middle lenses gre received 
by the upper and lower catadioptric prisms BB, shown black, by 
which they are also transmitted horizontally after refraction and 
total reflection in the prisms. Every piece of glasa in the appa- 
ratus formsa portion of a horizontal ring or belt, having its centre : 
in the vertical axis of the apparatus, as shown in the part plac, 
Fig. 3, where A! is a sectional pas at focal plane, and A? a plan 
at bots prisms. The rays of light given out by the ipe are 
thus collected and transmitted equally over the horizon, and the 
light is rendered luminous throughout its entire height. The 
glas prisms are fixed in eight gun-metal standarda, forming an 
octagonal frame, each prism being supported in the centre by 
passing through an intermediate standard, as shown in the part 
plan, Fig. 3. d 

In fesilving lights, as shown in the vertical section Fig. 2, the 
transverse section of the refracting lenses A and prisms B is 
cisely the same asin fixed lights: but in revolving lights the rmgs 
of glass are concentric round a horizontal axis passing thro 
the brightest part of the flame, as shown by the dotted lines 
in Fig. 2 instead of round the vertical axis. e circumference 
is divided into eight flat faces, as shown in the part plan, Fig. 4, 
where B! is a sectional plan at focal plane, and B? a plan of 
bottom prisms, each of the flat faces composed of a series of 
prismatic rings and segments having one common focus; the light 
emanating from the lamp is thus tranamitted by each face ina 
brilliant flash extending over the whole width and height of the 
pai ch cus ieee ae React 


* Read at the Institution of Mechanical Engineers. 
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face; and the whole apparatus being made to revolve by clock- 

work, every pointof the horizon is illuminated by a succession of 

brilliant flashes correeponding to the several faces, and at inter- 

vals of time determined by the speed of revolution. By the use 

of fixed and revolving lighta, or combinations of them in various 

vare, lights of distiuct appearance are produced in a number 
cient for all p t are ired in practice. 

Dioptric lights are made of six different sizes or orders as they 
are termed; and the following table gives the internal radius 
of the spparatus or the focal distance in each order, the number 
of wicks in the lamp, and the consumption of oil in lbs. per hour 
and in gallons per year, assuming the light to burn 11 hours per 
night on an average throughout the year. 


ORDERS or DIOPTRIO LIGHTS. 
Internal radius Number of bem ate of OIL 


Order. of Gallons 
o Wicks. per hour. per year, 

First...... 36°22 4 1:85 736 
Second ... 21:55 8 1:10 490 
Third ... 19°68 2 0°41 130 
Fourth... 9°84 2 0:26 116 
Fifth ... 7°28 1 0°17 76 
Sixth 5-90 1 0°17 76 


The three largest orders are generally termed sea lights, and 
the three smaller ones harbour lights. The first order, as the 
most important, will alone be referred to in this paper, the others 
differing merely in size and number of prisms and lenses. 


In the catoptric or reflecting system a number of parabolic - 


reflectors are used, ranged round a framework according to the 
purpose required, with a lamp in the focus of each reflector. In 
a fixed light these reflectors, frequently as many as 24 or 30 in 
number, are arranged round the frame so as to equalise the light 
as much as possible in all directions. In revolving lights the 
reflectors are mounted on a revolving frame, meng generally 
three faces, each of which carries an equal number of reflectors. 
Three flashes of ligbt are thus produced, which illuminate succes- 
sively every point of the horizon at intervals regulated by the 
aped of revolution. The loss of light in this system is neces- 
sarily very large: iudeed nearly the whole of the light from the 
front of the fane is directly lost by natural divergence, the 
reflectors transmitting to the horizon only the rays emanating 
from the back of the flame, and of this light nearly 50 per cent. 
is loat by the absorption that always takes place in reflection by 
metallic surfaces. 

Comparing the two systems together, it is evident that for 
fixed lights no possible combination of reflectors can distribute a 
zone of light of equal intensity round the horizon, whilst this 
effect is completely obtained by the dioptric system. It is found 
that whilst only 34 per cent. of a plain open light would be 
available round the entire horizon, 17 per cent. is obtained by the 
use of the best reflectors, but 83 per cent. is obtained by the use 
of the dioptric lights. The extreme divergence of the rays of 
light from a usual 21-inch reflector with a l-inch flame is about 
14 degrees; but the variation of the intensity of the flash emitted 
over this angle is very large indeed, the intensity of the light 
being only 16 per cent. on the sides of what it is in the axis of 
the flash, showing how great is theirregularity of the light spread 
over the horizon. Also the numerous fastenings of the reflectors 
and lamps frequently get loosened, increasing greatly the irregu- 
larity of the light. Nor is the whole amount of divergence taken 
vertically useful; for, as will be shown afterwards, the lower por- 
tion of the vertical divergence required to illuminate the sea 
between the horizon and the land is but a very small amount. 
In uniformity of light therefore throughout the horizon illumi- 
‘nated the dioptric system is very greatly superior to the reflecting 
for fixed lighta. With regard to economy of oil, fifteen reflector 
lampe together consume as much oil as the one central lamp in 
the dioptric light, and the saving therefore amounts to 50 per 
cent. in favour of the latter, compared with a reflecting light of 
the largest practicable size having thirty lampe but greatly 
inferior in illuminating power to the dioptric light. 

Another very important consideration is the durability of the 
apparatus, The longest time that reflectors will last, even when 


treated with the test care, is from 25 to 30 years; their thin 
Bilver coating will have completely disappeared at the end of 
that time. With moderate care and no necessity for readjust- 


ment dioptric lights may be considered as imperishable; the lenses 
and prisms never lose their correct form and first polish, never 
require renewal, and are kept always equally efficient with a far 
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less amount of daily labour than that required for reflectors. The 
number of attendants or keepers required is the same in both 
cases, and the first outlay may be considered as generally equal. 

For revolving lights however the catoptric system presents 
fewer points of inferiority as compared with the dioptric; for b 
sufficiently increasing the number of ra w and reflectors on uh 
face of the revolving frame, a light of equal intensity to the 
dioptric might be uced. The illuminating power, consump- 
tion of oil, durability and original outlay wil therefore be the 
chief considerations to determine the relative advantages of the 
two systems for revolving lights. The effect of only one of the 
eight faces composed of annular lenses in a first order dioptric 
light is equal to that of eight of the. largest reflectors in use, 21 
inches in diameter; and consequently to produce by reflectors the 
effect of the best dioptric light a lantern would have to be provided 
capable of accommodating from 56 to 72 reflectors, an arrangement 
all but impracticable. Moreover, at the time when most of the 
experiments were made both in this country and abroad, for com- 
paring the intensity of revolving dioptric and reflecting lights, 
the dioptric lights were composed merely of the contin or 
singly refracting part A, Fig 2. But in the present holo- 
photal system, in which the upper and lower reflecting 
prisms BB are made to continue and extend the action 
of the central refracting lenses A as already described, the 
intensity of the dioptric lights has been nearly doubled, and 
the comparison rendered so much more unfavourable to the 
reflecting system. 

The only objection which bas been seriously urged against the 
dioptric system is the use of only a single central p, on 
account of any difficulty in its management affecting the whole 
light, or danger of its sudden extinction. This is met however, 
by the successful experience of forty years with an immense 
number of lights in different of the world. Hardly ever 
has such a case occurred; and as spare burners are invariably 
supplied, and required to be always kept ready for use, a few 
minutes only would suffice to remove the defective burner and 
replace it by another. 


(To be concluded in our next. ) 


———AÀ——— 


THE INTERNATIONAL EXHIBITION, 1862. 
Civil Engineering, Architecture, and Building Contrivances. 


Taxine altogether the series of objects comprised under 
Class 10 (civil engineering, architectural, and building contriv- 
ances), and so much of the collection under Class 31 (iron 
and general hardware) as relates to articles in common use on or: 
about buildings, we do not find à remarkable amount of novelty. 
This is, perhaps, partly to be expected, when we recollect that 
many of the same exhibitors have made us familiar with their 
productions at the Architectural Exhibition, or at any rate in 
their own galleries, Still the collection is a very fine one, both 
for variety and general excellence, but it is better in its buildin 
contrivances, its materials and its objecta exhibited for archi- 
tectural beauty, than in its collection of engineering or architec- 
tural models; and the contrast becomes keenly felt between these 
objects, certainly good in their kind, but few in number, and the 
crowded collection of models and specimens in the adjoining court, 
of naval and military engineering, or the interesting collection 
of French models, with their admirable iri pw 

In passing we may remark, having refe to the subject of 
catalogues, that the Official Illustrated catalogue does very little 
credit to the Commissioners; and though it is perhaps better than 
was to be expected considering the principle upon which it was 
compiled, it is very far from being in any sense an adequate or a 
discriminating guide to the study of the objects it contains. 

Among the best specimens of the art of modelling we find two 
or three from the experienced hands of Mr. Stephen Salter: 
among these a superb one of large size (2354, Clasa 10), showing 
the —— the Tadela and Bilboa Railway across the chain of 
the 


tabrian Pyrennees, in the North of Spain, attracts peculiar 
notice by its truthful representation of the aspect of the rugged 
and richly coloured scenery of those mountains. The engineer- 


in-chief of this line is Mr. Charles Vignolea, to whom a medal 
has been awarded *'for boldness of design of the Bilboa Railway," 
À surface of rather more than 900 square miles of country is 
represented in the model, while the sinuous line of railway 
is distinctly seen, now clinging to the alope of a steep and 
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rocky hillside, and now threading its way between formidable 
obstacles. Such a model will convey to the ordinary spectator 
a far better idea of the difficulties to be surmounted in sur- 
veying a mountainous district, laying down a line of railway, 
and executing the works, than any amount of description. 
The pictorial effect of this model, which is itself beautifully 
coloured, is very much enhanced by the addition of painted 
backgrounds on the inner sides of its case, which serve to 
represent the more distant ranges of hilla—these are cleverly 
executed by Mr. Percival Skelton. A medal was also given to 
Mr. Salter for the admirable execution of this model. 

Two other models by the same hand, and made for the late 
Mr. Brunel, are also exhibited, showing the Chepstow and 
Saltash Bridges (2245, Class 10). They are admirable as speci- 
mens of the art, and exhibit very distinctly the chief points 
of the remarkable structures which they illustrate. A medal 
has been awarded to I. Brunel for these models, as representative 
of his father, the late L K. Brunel, C.E. Some other specimens of 
modelling are also to be seen, and some series of drawings; but it 
is to be regretted that the Institution of Civil Engineers have 
not exerted themselves to procure illustrations of the works of 
their members, equal to the very excellent collection of architec- 
tural drawings exhibited in consequence of the exertions of the 
Institute of British Architects, and of the representative oom- 
mittee whom they invited to assist them. 

Two models may be noticed, not on account of their workman- 
ship, which uld hardly be worse, but for their subject; the 
represent well-arranged and economical Labourers’ Cot , Suc 
as might with great advantage be erected in agricultural districte: 
they are exhibited by a northern architect named Monro. A 
London Cottage-building Society also exhibits a model, but ofa 
less satisfactory oottage. 

The specifications and working drawings for the Main Drainage 
(2369), which are exhibited by Mr. Bazalgette in this department, 
are a very creditable series That the execution of so vast a 
work must necessarily involve an enormous number of ins vie 
and a large amount of varied provisions, would be admitted by 
anyone familiar with underground works, but it assists the form- 
ing of something like a just idea of this undertaking when we turn 

_over sheet after sheet of the seven ponderous folios and the seven 

closely printed quartos here exhibited, and find how unremitting 
has been the care to provide for varied requirements. A similar 
series of plans connected with the Metropolitan Railway would 
have been most instructive for comparison; but these by them- 
selves fully sustain our character for engineering skill and 
accuracy. 

Among the specimens of Building Materials, those made from 
clay undoubtedly form the most prominent, perhaps the most 
valuable group. A large space is occupied by a “ Collective 
series of architectural productions, illustrating the clay manu- 
factures of the Shropshire coalfield” (2318), arranged on behalf of 
the exhibitors Y Mr. George Maw; the exhibitors being Messrs. 
Burton, Davis, Doughty, Evans, Exley, Lewis, Maw, Simpson, 
Thorne, and the Madely Wood and Coalbrook Dale Companies; 
and here a great variety of very excellent articles may be seen. 

By far the most artistic and important of these contributions 
are the mosaics (2317, Class 10), contributed by Mr. G. Maw, who 
has devoted great attention to the revival of this ancient method of 
decoration. .The specimens of pictorial mosaic exhibited are not 
numerous, and do not include a great range of colour or very 
deep tints, but they are marked by excellence of a high order, 
and are no doubt the precursors of a series of specimens which 
wil place within the reach of English architects a means of 
giving the most artistic of all decorations to the wall surfaces of 
their buildings. The introduction of such decorations has been 
hitherto practically impossible; but it may be hoped that it will 
not long remain so, for in no country is mosaic more needed than 
in England, where, in consequence of the humidity of the cli- 
mate, and the general want of skill in the use of the finest sorts 
of limes, fresco painting is at best but an uncertain mode of 
obtaining high class mural decorations. A medal has been 
awarded to Mr. G. Maw for his excellent productions. 

Mosaics of a more ordinary charecter for flooring purposes 
alsp abound here, and show great excellence. With these may 
be compared specimens more remarkable for workmanship than 
for design, shown by the Poole Pottery Company. Messrs. 
Minton, who were among the earliest manufacturers of flooring 
tiles, do not exhibit in this locality, though specimens of their 
work may be found elsewhere. Among the applications of tiles 
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shown by Mr. Maw may be noticed a chimney-piece, well 
intended, but. of very indifferent effect, as are algo some specimens 
of enamelled terra-cotta. Mr. Digby Wyatt’s designs for orna- 
mental roofing are shown (2317); and a very excellent specimen 
of roofing in glazed tiles of various colours, arranged in a simple 
pattern, hangs here, to remind us of an almost forgotten mode of 


gaining effect which was used in the early Renaissance buildi 
of parts of France and Germany with marked success, To Mr. 
D. Wyatt & medal is awarded for the designs here exhibited. 
Good ridge, hip, and gutter tiles are exhibited. Of these last, a 
specimen by Mr. Exley deserves notice, 

Fre. 1. 
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Of bricks and blocks this group of Shropshire manufacturers 
show a good variety; but other makers compete with them suc 
cessfully. Beart's Patent Brick Company exhibit beautiful speci- 
mens both of facing bricks and monlded ones (2237), the latter 
good enough in execution to be available for many decorative 

urposes. The colour of all these is good, but perhaps rather 
ight. Honourable mention has been awarded to this company 
for their bricks and drainage pipes. Somewhat richer in 3 
but less finished in surface, are the blocks of Fayle and Co. 
(2279). These are of very good forms, and seem very dens 
and sound; they are readily procurable, and might, we believe, 
be often substituted with advantage for stone, especially i 
buildings which are to withstand a London atmosphere. Neat 
these is placed a oollection of various and excellent m 
bricks (2243), by R. Brown, of Surbiton. Some of these bricks, 
arranged so as to show their powers of forming architraves or 
moulded jamba, exhibit great artistic merit, and excellent tints ef 
both red and stone colcur. To Mr, R. Brown honourable mentar 
has been awarded for his bricks and tiles, Messra R and N. 
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Norman also exhibit good bricks and ridge-tiles (2324), the latter 
an article of which most of the specimens sent by other makers 
are scarcely of average merit. A medal has been awarded to 
this firm. Near these we found a specimen of compressed and 
unburned bricks of artificial stone (2372), not attractive in colour, 
but very hard, dense, and heavy; these are exhibited by Messrs. 
Rodmer, Brothers, and seem worth the attention of builders 


requiring a very solid and indestructible article. C. O. Fison 
exhibits a fine show of Suffolk bricks, cutters, and facing bricks 
(2282, honourable mention); and some of the merchants, icu- 
larly Eastwood (2271, honourable mention), show collections which 
include excellent specimens of many varieties . 

Of stoneware, the Lambeth manufacturers send specimens which 
will probably never be surpassed. Doulton and Co'/s collection 

67 
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(2268, medal) seems one of the most extensive and complete, and 
their segmental blocks for forming sewers of e size are 
among the best specimens of contrivance and execution shown. 
A neat and well-made stoneware sink, by this firm, deserves the 
attention of those interested in the sanitary improvement of the 
dwellinga of the poor. Cliff, and Jennings, are also both large 
exhibitors of this class of goods; the latter has had the good 
fortune to get conspicuously posted throughout the building, by 
the adoption of his well-made conveniences by the Commis- 
sioners. 

Near the collections we have referred to is a specimen of work- 
manship which more properly belongs to the Sub-class C, although 
it is placed away from most of the articles belonging to that 
class—we refer to the marble paving (2440) for Chichester Cathe- 
dral, executed by H. Poole and Son, from the designs of Mr. Slater. 
This paving is very good in design and satisfactory in effect; it is, 
as a specimen of workmanship, one of the best articles we have 
noticed, and reflects great credit both on the designer and the 
manufacturers, to each of whom a medal has been awarded. 

Among the articles which are exhibited in Class 31, there 
are, as we have observed, many that may with propriety be 
grouped together with those in Class 10, and none more so than 
iron gates. The park gates sent by Bernard, Bishop, and Co. 
(6098, medal) have been already alluded to in a former notice, 
and certainly far surpass in workmanship any other specimen of 
the kind. Feetham and Co., Cottam and Co., Bailey, and Potter, 
may be named as each sending a pair of gates of remarkable 
excellence. Perhaps those of Mr. Potter are the most thoroughly 
artistic (6183, medal), but the border is better in design than the 
panels. The specimen (5977, medal) by Bailey is remarkable for 
its very excellent workmanahip. 

Messrs. Benhams and Froud exhibit a variety of articles of 
architectural character (6280, medal), gg good copper, 
zinc, and iron weather-vanes of various styles. The two shown, 
Figs. 1 and 2, are of wrought copper, from designs by 
Mr. S. J. Nicholl, architect. The same firm also send a pecu- 
liar patent chimney-head for preventing smoky chimneys, the 
object of which is to direct the currents of air produced in windy 
weather into such directions that, ing the openings out of 
which the smoke issues, they shall assist instead of impeding 
its exit. The appended illustrations, Figs. 5 and 6, show the 
form and construction of the article, upon which Mr. Billing, 
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peras the best authority on such subjects, is understood to 
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ave pronounced a very favourable opinion. The price is 
moderate at which these tops can be supplied, and their appear- 
ance is less unsightly than that of many such inventions. 

In the South Eastern Court will be found specimens of a new 
manufacture (6175, medal) contributed by the Patent Enamel 
Company, of Birmingham, which claims to possess both novelty 
and excellence, and to be oi a ae to a variety of purposes. 
The articles consist of wrought-iron plates and tableta, covered 
with a bright and glossy enamel, so hard as to be incapable of 
being scratched with a steel point ; or, indeed, any instrument 
short of a diamond. "This material is stated to be also incapable 
of receiving a stain, and incorrodible by the action of the atmo- 
sphere, and if experience prove it to be so, it undoubtedly offers 
considerable advantages for all purposes where inscriptions are 
desired to be made legible and permanent, though exposed to 
the action of the weather. An important advantage claimed for 
these plates, is their conspicuousness at night, when the white 
and highly polished surface of the letters reflects sufficient light 
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to make the inscription distinctly legible. The material also 
seems to be applicable to decorative purposes—as panels and 
grate-fronts of ahighly decorative character are exhibited, of which 
we append illustrations, Figs. 3and 7. Specimens are also shown 
of domestic and culinary utensils coated with the same hard and 


lence of their productions. 

Another branch of metal manufacture—that of bells—claims 
a word of notice, though the specimens exhibited are not very 
numerous. 

Measrs. Taylor and Co. exhibit one large bell ot 3 tons weigbt, 
(6531, honourable mention,) having a diameter at mouth of 5 ft. 
85 in., and a thickness at sound bow of 5 inches, The note of this 


bell is B natural, and it is considered by good judges to possess a 
remarkably fine and very powerful tone. This is the one require- 
ment which alone ought to determine the excellence of a bell; 
and while it is not surprising that so eminent a firm should hare 
been so successful as in this instance they have proved, it is to 
be regretted that novelties, often of doubtful merit, should be 
sought after so eagerly in an art where the oldest examples are 
often the best. 

Mesars. Naylor, Vicars, and Co. send a peal of eight bells (6445, 
Class 32, medal), to which the palm for novelty may be very justly 
awarded, as the material—steel—is one which has only very re 
cently been made available for bell-making purposes. But, ez 
as good workmanship, and as cheap compared with the best bell- 
metal bells of the same pitch, these bells i. not much to reom- 
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mend them; they are noisy and loud, but not powerful, or rich in 
tone; and while their notes are over-poweringly loud, near, they 
are soon lost. Much praise is, however, due to the inventors for 
having brought forward a new material for bell-making; and it 
is quite possible that if they continue their experiments, and try 
various modifications of proportion, shape, and weight, they may 
at last produce a bell which in tone, as well as in cost, will be a 
formidable rival to those now in ordinary use. 

Mesars. Warner and Sons exhibit a successful peal of eight 
bells (6358, Class 31; medal), with a chiming apparatus much 
like that attached to chiming clocks, only that the barrel 
upon which the pins are fixed is arran to be turned by 
hand, so that where there are no ringers available this 
mechanical method may be substituted. The whole arrangement 
is simple, and it has this to recommend it—that its application 
need not interfere with the use of the bells in the usual manner. 
We trust that, however well adapted for use under such circum- 
stances aa admit of nothing better, it will not be suffered to 
replace the method of chiming by hand, which when well done 
gives better chimes and affords an exercise of skill for the ringers. 

(To be continued.) 


— —"—— 


THE NEW TOWN HALL, PRESTON, LANCASHIRE. 


Tas large building, the foundation stone of which was laid 
with so much ceremony on the second of last month, in 
celebration of the pageant known as the “ Preston Guild," has 
been for some years in contemplation, but unforeseen difficulties 
have hitherto prevented its being in a fair way of accomplish- 
ment. The special powers however, recently granted to the 
corporation, for the improvement of thetown, specifically included 
this building, and the public markets which are soon to be com- 
menced; aud consequently the old town hall was levelled to the 
ground in March last, to be replaced, on the same site, by the 
Prat Aie ir which has now to be described, and for which 
Mr. Scott ia the appointed architect. The isolation of its locality 
isan advantage in every reapect, and peculiarly so in a public edifice 
of this clase, where ready access from ditferent quarters, abundance 
of light, and varied groupings of architectural features, are im- 
portant desiderata. Thus, with the exception of part of the east 
aide, where the street is narrow, there are no encroachments to 
interfere either with the convenience or the effect of the building. 

In the internal arrangements three objects had to be comprised; 
an exchange-room, a music-hall, aud rooms for the transaction of 
the business of the borough. The first will occupy the entire 
frontage on the ground floor, the second the front op the upper 
floor, and the third the whole of the northern side of the build- 
ing on the three different stories. In general idea the design 
exhibits an adaptation of the foreign Hotels de Ville to English 

uirements, with a partial engraftiug of foreign details. 

he principal front is towards the south, which presents on its 
lower story a covered arcade of five bays, that at the south-west 
angle being underneath a lofty clock-tower. This arcade is carried 
on coupled shafta, which will be executed in polished granite, the 
capitals are to be of stone, and to have bold inaboseving The music- 
hall is to be lighted by a series of two-light windows ranging over 
the respective centres of the arcade, while below runs a continuous 
balcony, and above is the handsome cornice and parapet, which 
on this side terminate the wall, except at the clock-tower, and this 
is raised an additional story before we come to the clock itself, 
which will have four faces, and be on an unusual scale of magni- 
tude, This tower is intended to be covered with a low spire 
from the top of whioh springs a small bell-turret. The north 

front is smaller, and is of uniform design, flanked with la 
octagonal turrets. There is a porch in the centre of both this 
and the west fronts, affording a ready through communication to 
all parts of the interior. The hall, or exchange-room, on the 
und-floor, will measure in the clear 82 feet by 39 feet, ita roof 
ing groined in etone, and di pes by granite columns corres- 
ponding with those outaide. The entrance to the exchange is 
under tbe clock-tower. The music-hall is over the exchange, 
and gains additional size by extending itself over the open arado. 
80 that its dimensions become 82 feet by 55 feet. Tr wil bea 
lofty apartment, and have a handsome open-timbered roof, the 
principals being of curved outline, and framed double. The 
orchestra is to be at the west-end, and there will be a gallery on 
the east nnd south sides. The walling will be of local stone, 
marble shafts and other materials being occasionally introduced, 
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also a considerable quantity of carved enrichments, in arches, 
cornices, medallions, and statues. The roofs are to be covered 
with Westmoreland n slate. For the erection of the building 
tenders were invited in a limited competition, and that by Messrs. 
Collis and Son, of Preston, has been accepted, at an amount of 
£36,000. The foundations have cost about £2000 extra. 


—»>—_—— 


FOREIGN RAILWAY PLANT AND APPLIANCES IN 
THE INTERNATIONAL EXHIBITION, 1802. 


Tue Exhibition of 1862 is distinguished from its predecessor of 
1851 in nothing more than in the greater number and variety of 
contributions from foreign states connected with locomotion on 
railways. On the former occasion, a locomotive engine from 
France and one from Belgium constituted, we believe, nearly the 
sole representatives of the industries of continental countries as 
applied to communication on iron roads; but in the present 
International Exhibition there is abundant proof of the exercise 
of skill and good workmanship in that direction by foreign 
engineers. 

Austria, which was principally conspicuous in 1851 by its 
exhibition of room furniture, has now sent two remarkable loco- 
motive engines, of prodigious size, besides various specimens of 
rails and wheels, and of other articles applicable to railways. The 
locomotive engines are exhibited by the States’ Railway Society 
of Vienna. They are placed opposite each other, near the north- 
west end of the western annexe. One of them is a monster mounted 
on five pairs of wheels (548, class 5, medal), and is specially intended 
for working on sharp curves and steep ients, such as are to 
be often encountered on the Austrian railways. It would appear, 
at first sight, that so long an engine was very ill adapted to work 
on sharp curves; but it will be observed, on closer inspection, 
that the furnace and the boiler are mounted on separate frames, 
connected as ped by a swivel-joint, the former being supported 
on four wheels, and the latter on six, the whole of them never- 
theless coupled together. To enable the coupling-bars to accom- 
modate themselves to curves in the road, sufficient play is allowed 
at the joints for a slight lateral movement. The cylinders are 
12} inches diameter; and the engine exhibited is one of several 
of the same class that has for some time drawn heavy loads up 
inclines unknown in the railway system of this country. The 
rails on which the engine stands are curved, to show its adapta- 
bility to run on the sharpest curves There is a steam break 
applied to the wheels, so that the driver by merely turning on 
the steam may bring the breaks to bear firmly on the peripheries 
of the wheels without any other manual exertion. The other 
engine exhibited by the States’ Railway Society (549, Clasa 5, 
honourable mention) is intended for high speed. It has four 
cylinders, of 103 inches diameter, placed on each side, parallel to 
each other. 

There are thirty-two French exhibitors of railway appliances, 
which consist of three locomotive engines, for passengers and 
goods; railway carriages and waggons; materials for the perma- 
nent way; breaks; wheels, and other apparatus. In the cata- 
logue published under the direction of the French Imperiul 
Commission, it is observed, that among the improvements Intro- 
duced during the last ten Jo in railway locomotion are: 
lst. The more general use of powerful. locomotives on lines of 
great traffic, accompanied with arrangementa to strengthen the 
railway, and to obtain ter adhesion to the rails: 2nd, Ar- 
rangements for facilitating the running of powerful engines on 
sharp curves: 3rd. The use of smoke-consuming furnaces for the 
combustion of coals in locomotive engine furnaces: 4th. Improve- 
ment in the condition of steam by separating it from particles of 
water: 5th. The more general use of steel in the manufacture of 
tires, wheels, boilers, and other mechanism: 6th. An improved 
plan of feeding the boilers: 7th. An improvement in the means 
of securing the safety of passengers, by the use of more perfect 
and more resisting materials in the construction of carri and 
of the permanent way; automatic breaks more judiciously chosen 
for the different kinds of trains; fixed day and night signals, 
pueuany at level crossings; and means of communication 

tween the passengers and the engine-driver and guard. Of the 
above improvements the last, we Tee to say, has made but 
little advance in England. On the Continent, indeed, arrange- 
ments have existed for many years past for facilitating the com- 
munication between the passengers and the guard, by fixing a 
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travelling platform to each carriage, along which the guard can 
pass, and thus enter any carriage when the train is in motion. 

The Orleans Railway Company exhibit a locomotive engine 
(1012, Class 5, medal) in which the smoke-consuming arrange- 
ment of M. Tembrinck is applied. The plan is similar to those 
adopted in some stationary fü 
supplied down an incline, and falls gradually on the fire-grate, 
and the smoke, being conducted over the incandescent fuel, is 
consumed by access of air at the throat of the furnace, and the 
flames are then drawn through the tubes of the boiler. The 
same company also exhibit here a tender for the engine, and a 
first-class passenger i fitted with all the conveniences 
which our continental neighbours consider necessary for com- 
fort in railway travelling; all of which are well executed. . 

A locomotive (1022, Class 5) constructed according to Mr. 
Crampton's plan, is exhibited by Messrs. Cail and Co., of Paris, 
from whose extensive factory about 1000 of such engines bave 
been turned out; Crampton's engines having been adopted very 

nerally on the railways of France, Russia, Spain, and Italy. 

e axles of the engine exhibited, which has six wheels coupled 
together, are fitted with the apparatus invented by M. Caillet 
to enable the wheels to move sideways, 80 as to adapt them to 
run on sharp curves, Messrs. Cail have been awarded also a 
medal for steam-engines and boilers (1144, Class 8). . 

The third French locomotive (1032, Class 5, medal) is contri- 
buted by the company of the Chemin de Fer du Nord. Itisa 

werful engine, intended for goods trains, and is mounted on 
bur pairs of wheels coupled together. It is chiefly remarkable 
for its great size and strength. i 

There are several kinds of breaks exhibited by French engi- 
neers, two of which are called self-acting. Oue of these, exhibited 
by the Lyons Railway Company (1016, Class 5, honourable 
mention) is intended to act on a greater declivity than it 
would be possible for tbe mere locking of the wheela to pro- 
duce effect. Tke automatic action is not very clearly perceptible, 
but it is said “ to act of ita own accord by the snapping of the cable.” 
In a model of a break (1040, Class 5) exhibited by M. Didier, of 
Paris, the plan is adopted of bringing three blocks to rest on the 
rails without locking the wheels, which is, we conceive, the most. 
effectual plan of stopping a railway train without risk of injury 
to the wheels or to the rails. Among other articles exhibited in 
the French machinery department there are several axles with 
contrivances for supplying grease; there are four exhibitors 
of wheels and tires; there are rails and crossings, and models of 
signals; and in cases where it did not suit the convenience of the 
inventors to send locomotives of full size or models, drawings 
have been forwarded. ; 

The contributions from Belgium of articles connected with rail- 
ways is neither so numerous nor so worthy of notice as might 
liave been expected from the country on the continent in which 
railways were first introduced, and wherein the system was first 
Hila to the greatest perfection. Only one locomotive engine 
is exhibited, which presents no remarkable feature; and there is 
also a summer railway carriage, and a weighbridge for railways; 
all the other contributions, consisting of wheels, tires, axles, and 
rails, rather intended to show the quality of the iron of which 
es made than any peculiarity in the mode of construction. 

e Prussian manufacturers have made great efforts to display 
their works, for though there are only eleven exhibitors in Class 6, 
some of their contributions are the most striking of the kind ofany 
in the building. Mr. A. Borsig, of Berlin, has sent a locomotive 
and tender (1254, Class 5, medal); the Berlin Company for the 
manufacture of railway requisites, have contributed specimens 
(1052, Class b, medal) of the four classes of passenger carriages 
used in Prussia; the Bochum Mining and Cast Steel Manu- 
facturing Company exhibit specimens of wheels and tires (1253, 
Class 5, medal) some of which are feet in diameter; 
there are several other contributors of steel and of iron 
wheels, but the greatest display is made by M. F. Krupp, 
of Essen, who has a magnificent trophy of caat-steel articles 
of all descriptions (1308, Class 8, medal), including cannon, 
crank-afles, railway wheels, and tires. M. Krupp we 
believe, the most extensive steel works in the world. In 1851 he 
received a Council Medal for an ingot of steel that weighed two 
tons, which was the heaviest then known, and he now exhibita a 
sample of a cylindrical ingot weighing twenty tons, broken in the 
middle to show that these ingots in the rough state are quite free 
from honeycombs or faults, There are various samples of cast- 
ateel railway tires without weld, such as have for some years past 
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been used on the railways on the continent and in England, 
Among the specimens exhibited are the tires of wheels taken from 
an engine on the Eastern Counties Railway, after having run 
upwards of sixty-six thousand miles without being turned ; alao 
similar tires from the wheels of an engine that ha e teny. 
eight tons, and which had run on the North London Railway for 
seventy-seven thousand miles. 

The railway wheels of various descriptions, made of steel or 
iron, or case-hardened, and of axles, contributed by the Bochum 
Company, by the Horde Society of Mines; by Messrs. Lebrkind, 
Falkenroth and Co., of Arnsberg; by M. Rutfer, of Breslau; and 
by the Sieg-Rhine Company, togetber with those of M. Krupp, 
form a collection that for number, variety, and excellence is 
scarcely surpassed by those in the English portion of the Exhi- 
bition. X 

Of the other states of the Zollverein, Saxony is the only one 
that has sent any specimen of manufactures connected with rail- 
ways, and the sole contribution of Saxony is a locomotive 
engine, manuf&ctured by R. Hartmann, (2319, Class 5, medal) 
with moveable fore-axle, for mountainous districts and short 
carves. There isa great deal of workmanship in this engine, 
which is very well finished, and the external couplings for the 
attainment of a lateral motion, give it an appearance of great 
complexity compared with the simple couplings by connecting 
bars to the cranks of most locomotives of English manufacture. 

It is a remarkable feature of the present Exhibition, that while 
the only contributions connected with railway locomotion from the 
United States of America are some lithographs and photographs 
of locomotives, yet Italy, Spain, Sweden, and even Russia are 
represented in that class, Italy, indeed, sends a large locome 
tive engine, with six coupled wheels (1002, Class 5, honourable 
mention) from the Pietrarsa Royal Works at Naples, and judg- 
ing from the models sent by other exhibitors it appears that the 
inventive genius of Italy is beginning to be directed towards 
railway engineering. There are, for example, an atmospheric 
railway with a valveless tube, exhibited by V. Fucini, Pavia 
(1000, Class 5); “steam engines for railways and steamers on a 
new principle,” exhibited by G. Vanossi, Chiavenna (1004, 
Claas 5); the model of a locomotive tender, exhibited by Volini 
aud Co., Verzaro (1005, Class 5), applicable to steep inclines; and 
the model of “an electric signal to prevent collisions," exhibited 
by E. Vincenzi, Modena (1006, Class 5, honourable mention) 
The inventive genius of Spain seems, also, to be awakened, 
for of the three objects in Class 6, seut from that kingdom, 
one is a waggon wheel “constructed so as to move without 
friction at the axle,” and another is the model of a locomotive 
“moved by hydrogen gas" The four contributions from 
Sweden consist of railway wheels, axles, tires, and rail-spikes; 
and the two from Russia are specimens of rails. 

Many of the objects exhibited in the foreign division of the 
western annexe deserve more particular notice than we have now 
bestowed on them, and we may probably return to the subject 

again, but we have said enough to indicate that foreign engineers 
have made important strides in the construction of locomotives 
and of railway appliances since 1851, and that it is necessary for 
the engineers of this country to be on the alert tu keep in advance 
of those on the continent, especially in Germany. 


————— 


Explosions of Copper Gas-pipes.—Dr. T. L. Phipson, states tbat 
it has been discovered that when gas-pipes constructed of copper 
or bronze have been long submitted to the action of ordinary coal- 
gas an explosive compound of copper and acetylen (one of the 
many ingredients of coal-gas) is formed. When dry, this com- 
pound detonates with extraordinary violence as soon as it is 
rubbed, struck, or heated. Already some accidents have occurred 
and some workmen have lost their lives while cleaning large 
copper gas-pipes from this circumstanoe. No such ive 
pea ira appears to be formed when iron or lead are Its 
evident that large copper gas pipes ara unsafe, and that some 
other metal should be substituted for the copper, as tbe latter 
may give rise to explosions at any moment. As concerns small 

ipes constructed of this metal, they should not be allowed to 

ul, and when about to be cleaned hydrochloric acid shoeld 
introduced into them for about ten minutes before they are sub 
mitted to any heat or friction. Hydrochloric acid decomposes tbe 
explosive compound, combines with the copper, and pute the 
acetylen in liberty, The acid may then be washed out with bot 
water, 
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ON THE CONSTRUCTION OF WROUGHT-IRON 
LATTICE GIRDERS. 
By Tnouxas CARGILL, C. E. 


Tae many and peculiar advantages possessed in general b 
wrought-iron bridges of every description, in the facility wit! 
which they can be rendered available in situations where similar 
structures of masonry could only be erected at a far greater cost, 
attended with much risk and uncertainty, are daily rendering 
them more important objects of study and attention to the pro- 
fessional man. 

It is true, that these advantages may be also claimed by cast- 
iron girders, but they lack one indispensable requisite—namely 
portability, for a cast-iron girder must arrive at its destination in 
as sound and perfect condition as when it left the workshop, and 
this is rather a hazardous matter to accomplish, when we take 
into consideration the chances of injury which may accrue to it 
during its transit from one country to another; the difficulty of 
transporting the castings safely increases with their size and 
weight, which depend, ceteris paribus, on the span of the bridge. 

It is widely different with respect to a wrought-iron girder, the 
component parts of which can be separated, respectively packed 
together, and dispatched over land and sea to the future site of 
their erection, with very little fear of accidental injury; moreover, 
io the event of any occurring, the nature of the material and the 
size and form of the different portions would more readily 
admit of repair than in the former case. 

I am aware that large castings bave been sent from this 
country, and reached their destination in perfect safety; but that 
the preference is given to wrought-iron (with the exception of 
the system introduced by Col. Kennedy) as the material for rail- 
way bridges intended for foreign countries, is amply manifested 
by its very extensive use in the iron bridges and viaducts of our 
Indian Hailways, all of which I believe were, and continue to 
be, manufactured in England. The viaducts over the Soane, 
Jumna, and other large rivers, furnish magnificent examples of 
its utility, and of the engineering skill displayed in its appli- 
cation. 

There are however far weightier considerations, such as the 
failure of several cast-iron bridges, together with the treacherous 
and uncertain nature of the material, which altogether preclude any 
comparison between cast and wrought-iron bridges, except in the 
case of very limited spans. The latter cause for non-reliance on 
sach a substance has, unfortunately, been but too well evidenced 
by the New Hartley Colliery accident, which cost us the lives of 
over two hundred of our mining population. It may not be out 
of place here, in illustration of the difficulty experienced in trans- 
porting large and heavy castings to even a comparatively short 
distance, to quote from the Report of Mr. W. Tierney Clark 
respecting the proposed bridge to connect Buda with Pesth, across 
the Danube, in Hungary. Mr. Clark in his report alleges, on the 
supposition that the bridge was to consist of cast-iron arches, 
that “it would be next to impracticable” to obtain the safe trans- 
port of the necessary castings from England. 

The different forms in which wrought-iron girders have been 
constructed are exceedingly numerous, but all those which expe- 
penc has shown to be adapted and safe for railway traffic may 

classed under the following heads:—1, all girders having con- 
tinuous webs, such as the plate, tubular, box, &c.; 2, those having 
open webs, including the trellis, lattice, triangular, &c.; 3, the 
arch; 4, the bow and string— under which denomination the late 
Mr Brunell’s stupendous Royal Albert Bridge might come, 
although in reality it embodies a variety of principles in ita con- 
struction. f 

I exclude from this enumeration all bridges purely on the sus- 
pension principle, hanging girders, and others of a similar 
description, which have not yet been sufficiently tested in prac- 
tice to warrant their being included under the head of Railway 
Bridge Some might think that the Niagara Suspension Bridge 
should be made an exception to the above, but when we consider 
that railway trains are not permitted to cross it at a greater speed 
then five miles an hour, it can hardly be called in the pro 
sense of the term a railway bridge—at any rate, not in this 
country; for it is certain that no Government Inspector would 
pass a line as fit for public traffic, over a portion of which it 
would be always unsafe for a train to travel at a greater velocity 
than five miles per hour. Wrought-iron lattice girders have been 
gradually gaining ground with the profession, since the erection 
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of the Boyne Viaduct, one of the largest, if not the larges) 
example of the kind, taking the span as our datum. It is true 
that the Commissioners appointed in 1848 to inquire into the 
pplication of Iron to Railway Structures repo that “lattice 

ers appear to be of doubtful merit,” but now we might 
safely, without fear of contradiction, substitute the term “ un- 
doubted” for the word “doubtful.” Lattice girders, trellis, tri- 
angular, and the different modifications of the open web form, 
have been often included under the same denomination, With- 
out going into all their respective differences, I will briefly 
mention as sufficient for my present purpose the chief charac- 
teristics of the lattice girder proper, which serve to distinguish 
it from the other forms which have been sometimes confounded 
with it. One distinguishing feature is, that all the compres- 
sion bars, or struta, composing its web are inclined at the same 
angle as the tension bars or ties, and that it does not admit of 
vertical struta; any that are so placed being intended to act merely 
as stiffening bars; this is a very common arg. irk with single 
lattice girders, and is indispensably requisite when they have any 
considerable depth. Again, the connections of the different parts 
are all made by the use of rivets, and never by the employment 
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'of pins, as is the case in Warren’s triangular girders. There 


must also be, at least, one crossing of the diago in the web to 
constitute a lattice girder; this occurs in the very smallest exam- 
Do namely, thore which are used for the cross girders of large 
ridges. Lattice girders may be either single or double; the 
former require so very large an amount of bracing to keep them 
steady, that they have been greatly superseded by the latter form; 
they afe however, when of fimited dimensions, exceedingly well 
adapted for cross girders and accommiodation under bridges, &c. 
Fig. 1, which is drawn to a scale of J,, is the elevation of a 
central portion of a wrought-iron double lattice girder, showing 
the plates, angle-irons, tension and compression bars, and connect- 
ing rivete. The girder may be divided into three principal parts, 
viz, the top and bottom flanges, and the intermedjate portion 
attached to them. In the following investigation I shall use the 
word “flanges” to denote the collective area of the plates and 
angle-irons at the top and bottom of the girder; while the tension 
and compression bars, or ties and struts, forming the intermediate 
portion, will be included in the term “web” (for a further explana- 
tion of these terms, the reader is referred to Mr Latham’s 
excellent work on Wrought-iron Bridges.) The compression bars 
are, generally speaking, those which slope away from the center 
of the girder towards the ends; and the tension bars those which 
slope in the reverse direction. Sometimes a careful calculation is 
necessary to decide whether a bar is in tension or compression, a8 
a bar may be acted upon by both tensile and compressive strains 
at the same time; but a bar is correctly said to be in tension or 
compression, according as one cr other of these strains pre- 

ponderate. z 
In Fig. l, the web is shown attached to the angle irons by 
rivets; at a certain distance from the center they increase gradually 

Fre. 1, 
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toward the ends of the girder, according to the scantling of 
the ties and struts, which vary similarly in the same directions; 
the strains upon the rivets of any one strut and upon those of 
ita corresponding tie are by no means equal, as might at first 
be supposed; for, if the ends of the struts be cut to the proper 
angle and abut fairly against the upper and lower plates, the 
rivets are relieved of some portion of the strain which would 
otherwise fall on them; ifthe struts were perpendicular to the 
flanges, that is if we made uprighta of them, so that the pressure 
68 
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should be in a vertical direction, there would be very little need 
of rivets, except to keep them from being shifted from their 
proper position by the vibration of the girder under a load, the 
tendency of which is to destroy the uilibrium of the structure 
by altering the normal directions of the lines of pressure. It is 
otherwise with the bars in tension, as in their case the riveta 
have to bear the whole of the direct pull, or longitudinal strains 
which pass along the bar, and transmit them to the angle-irons. 

Towards the enda of the girders, where, in consequence of the 
increased amount of strain brought upon the web, the ties and 
struts are of larger scantlings than at the center, it would be more 
advantageous, instead of inserting the rivets, as is frequently 
done, along the line of the longitudinal axis of the bars, to place 
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them in the manner shown in the tie bar, Fig. 2; this evidently 
cannot be done with the channel iron strut shown in the same 
figure, and it may be remarked, that the principle disadvantage 
of this form of iron, otherwise so well suited for compression bars, 
is, that more than one rivet cannot be inserted in the breadth of 
the channel portion of the sections usually manufactured. It 
will be seen, on referring to the figure, that the latter method 
distributes any strain, which is induced in the bar through 
the medium of the rivets, much better than the former, 
for when they are all placed in the center line of the bar the 
direct strain also passes along that line, or, so to speak, along the 
central longitudinal fibre; when placed as in the example before 
us, they distribute the strain along three parallel fibres in lieu of 
one, and it needs no explanation to show, that were it possible to 
Attach each individual fibre of the bar separately to the angle- 
irons, the maximum distribution of the strain along the bar 
would then be obtained. Judging solely from this statement, 
combined with the well known fact that small bara and plates 
are proportionally stronger than others of the same length but of 
greater sectional area, it might be inferred, that the most judicious 
arrangement in a lattice girder would be to have a large number 
of bars of small dimensions; the extent to which it might be advis- 
able to carry out this in practice will be limited by the considera- 
tion, that the closer we bring our bars together within a certain 
distance, the more we encroach upon the properties belonging to 
girders having continuous webs. Into a comparison of the- 
relative merits of the two kinds of structures, it is not my 
intention at present to enter. The best example of the practical 
application of the above principle is to be found, as far as my own 
knowledge goes, in the strands of the cables of the Niagara 
suspension bridge; these strands are composed of wires so sinall, 
that it requires sixty of them to make up one square inch of 
section;* making use of mathematical language, and putting 
xd’= py, we obtain the thickness of the wire equal to about 0:146 
of an inch. 

We will now on to investigate the manner in which the 
longitudinal angle-irons perform the duties im upon them. 
Their chief office is to attach the webs to the plates, they should 
also distribute the strains uniformly over the plates as much as 
possible; and, moreover are intended to act as stiffeners to the 
tlanges; this last duty they perform principally by the trough-like 
form they impart to them; it would thus appear advisable to em- 
ploy unequal-sided longitudinal angle-irons, with the longer side 
vertical, which would also afford more bearing for the webs; but, 
on the other hand, it is well to have all the material used iu 
caleulating the strength of the flanges as close together as can be 
conveniently done, and there is no advantage to be gained in 
giving the bars more hold than is necessary, on the contrary, 
there would be a loss of metal without any adequate compensa- 
tion for it. 

In order that the angle-irons may connect the plates and web 


* See Supplement to Cresy's Encyclopædia of Civil Engineering. 
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together, they must themselves be riveted to the plates first; and 
here occurs a serious disadvantage inseparable from their use, 
for, to obtain this connection, a certain amount of metal must be 
punched or drilled—the latter is preferable for many reasons— 
out of the top and bottom plates, which are therefore weakened, 
although not equally so, in proportion to the size and number of 
rivets pup Ae for the purpose. . 
This will be at once understood by a reference to Figs. 3 and 4, 
which represent a portion of the plan of the inside and outside 
of the plates shown in elevation in Fig. 1l. The rivets are there 
shown 6 inches apart from center to center, breaking joint, or, 
as it might be termed, with an alternate pitch of 3 inches. 
Instead of disposing the rivets in this manner, it is a very 
common practice to place them all in the same line across the 
plate, so that the line of fracture, or direction along which the 
plate would have the greatest tendency to split, would be through 
the rivets 1, 3, 4, 6, instead of through 1, 2, 4, 5; and it is alleged 
in defence that the plate would be as likely to split through the 
latter as the former direction. When the rivets have a pitch of 
only 3 or 4 inches, this statement becomes practically true, for 
then the net section (by which I mean the section of material 


` left to resist fracture after deducting for rivet holes) along these 


two different directions is so very nearly equal that it is a matter 
of indifference whether they break joint or not; in the whole I 
consider it preferable in any case not to insert the rivets in the 
same line, partly because there must always be a slight increase of 
section obtained by causing them to bak joint, varying director 
as the pitch, and also they distribute more efficiently the strain 
which is brought upon the plates by the angle-irons. I may stato 
here that it is not my purpose to give a design for any particular 
bridge, but simply to make use of such portions of a design as 
may serve to illustrate the present celi The dimensions of 
the various parts in the figures originally answered for a girder 
of 60 feet span for a single Tine of rails. In order to show clearly 
the comparison between these two methods of disposing the 
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rivets in the plates, we will take an example. Let 5 be the 
breadth of the plate; n the number of rivets along the line of 
fracture, or the line through which the net section is calculated; 
d the diameter of the rivets, and £ the thickness of the plate; 
let x also = the distance from the edge of the plate to the center 
of the first row of rivets, and p the pitch of the rivets. Putting 
L and L, for our two lines of fracture, and S and S, for the cor- 
responding net sections, we obtain, when the line of fracture lies 
through the rivets 1, 3, 4, 6 (see Fig. 4), 
L-(b—-nd) S=Li=(b—nd)e; 

when the line lies throngh rivets 1, 2, 4, 5, as in the case of the 
rivets Breaking joint, 


L,—-2z4- Va Ed \ —nd 


and §,=L,t= Qe / (b — 22» E -nd} t. 


Now making b—24", n=4, d—1", and t=4", we have S=105 

ware inches; using the same notation in our second example, 
with the addition of r=1}” and p—8", which is about as far apart 
as would be desirable to place the rivets in this instance, we 
obtain S,—11:05; as z, although not introduced in the first 
equation, is common to both, insomuch as it forms a portion of 
the total breadth b, it follows that the difference between the 
two sections is as the pitch of the rivets. With respect to the 
disposition of the rivets in a longitudinal direction, the nature 
of the construction leaves us very little choice; the position of 
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the angle-irons determines that of the rivets; the first angle-iron 
is usually placed as shown in Fig. 3, with the edge of the hori- 
zontal aide flush with the edge of the plate, the space between it, 
and the one closely adjoining it, is fixed by the maximam thick- 
ness of the web to be inserted between them, as will be men- 
tioned hereafter; the other qouple are similarly placed, and the 
rivets run along the center of each. It results from adjusting 
the angle-irons in this manner that there is a much wider space 
between the two rows of rivets nearest the center of the plates 
than between them and the outer rows, and the consequence is 
that the bearing is confined more or less to the edges of the 
plates instead of throwing the strain well into the central por- 
tions of the flanges: this could be obviated, and the distances 
between the rows of rivets more equalised, by shifting all the 
angle-irons nearer the center of the plate, still retaining the same 
space between each couple; but, by doing so, we also bring the 
webs nearer each other, and thus virtually destroy the very 
principle of the double lattice girder, which is to keep the webs 
as far apart as the breadth of the top and bottom plates will 
permit, in order to obtain that degree of lateral stiffness which a 
single lattice girder never affords; for it is certain, that in nine 
cases out of ten, a single lattice girder would fail through the 
distortion of its web long before its ultimate strength could be 
rendered available. Suppose that we continue to move the angle 
irons, in pairs, until they are in contact, then the webs will also 
tonch one another, aud the structure becomes changed from a 
girder of the former to one of the latter description. 

In all double lattice girders I am strongly inclined to doubt 
whether the full strength of the plates is ever called into play, 
except in the joints, where the riveting is continued right across 
the plate, by the method employed of riveting the plates and 
angle-irons together in a longitudinal direction; and where the 
plates exceed 2 feet in breadth, I think the whole value of the 
material is not obtained without the aid of occasional transverse 
stiffening pieces of some kind or other, which would also tend to 
prevent the crippling or buckling up to which the plates are 
always liable. in girders of very considerable length, this object 
is accomplished by the use of cellular tops, as in the Menai 
bridge, but unless the girder exceeded 200 feet in length, it is 
questionable whether the advantages resulting from their em- 
ployment could not be economically obtained in another manner. 
A cellular top applied to any girder is nothing more than the 
addition of a small three-sided box girder along its whole length, 
the top plate of the main girder snpplying the place of the fourth 
side; taking in consideration the number of joints in its en and 
sides, together with the numerous stiffening pieces, we shall find 
that the cellular top would demand an amount of workmanship 
little less than that required for the main girder; morevver, 
unless when they accompany bridges of very large spans, they 
are of dimensions so limited that there is no getting at their 
interior when they are once put together and placed in their 
proper position. ‘The observations made above respecting the 
cehtral portion of the plates of the lattice girder not being called 
into play, also apply to the cellular top, but not so forcibly, as 
there are usually internal bracings or diaphragms constructed at 
certain distances, which cause a more equal and uniform distri- 
bution of the strains. 

To return to the double lattice, the manner in which the con- 
necting angle-irons tend to stiffen the flanges is at once seen on 
inspection of Fig. 5, which represents two half-vertical sections; 
that to the right of the line AB is taken through the center of 
the girder where the ties and struts are both plain bars; the other 
section is made near to the end, where the struts are usually 
formed of either angle, T, or channel iron; in the figure channel 
is the form shown, and the thickness of the web at that point is a 
maximum, which, as I have before stated, regulates the distance 
at which the pairs of angle-irons are to be placed from one another. 
As the thickness of the web is continually varying, it becomes 
necessary, wherever it falls short of the maximum, to insert fill- 
ing or packing pieces between the bars, to compensate for the 
deficiency, and to insure the angle-irons being retained at a uni- 
form distance apart; the cups pieces are shown in the section 
to the left of the line AB, Fig. 5. To avoid confusion in this respect 
I have shown the web as altogether in elevation, although it is 
evident on looking at Fig. 1, that a vertical section through it 
would cut the bars in one or more places, which crossings are 
omitted in the section for the above reason. If we call d the 
maximum thickness of the web, or, what is the same thing, the 
distance between the couple angle-irons, and if ¢ be the thick- 
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ness of the web at any point, then putting p for the thickness of 
the packing peice required, p =(d—2): this equation will however 
only hold good where the construction is similar to that repre- 
sented in Fig. 5. At first sight, the weight of the packing pieces 
would not appear to be of much consequence, and one would be 
ready to put them in, here and there, wherever they might be 
required, without considering whether they might be dispensed 
with or not; in taking out the quantities of a double lattice girder 
of the moderate span of 80 feet, I have found the weight of the 
filling pieces to amount to a considerable item. Also, as the 
pecking pieces cannot be included in obtaining the area of the 
anges, in the calculation respecting the strength of the girder, 

they merely add to its weight without increasing the strength. 
When channel iron is employed for the compression bars there are 
three different ways of attaching them to the flanges. In Fig. 5 
the strut is shown rivetted between the double angle-irons, and 
to effect this a small portion of the webs are cnt off at each end, 
which allows the channel part to be 
inserted, but at the same time it 
somewhat weakens the strut; this 
mny be avoided when thought neces- 
sary, by placing the strut outside 
one of the angle-irons, and thus 
getting the full net value of the 
metal; this advantage, however, is 
gained at the expense of the far 
better hold which is afforded by the 
insertion of the struts between the 
&ngle-irons, and it aleo makes the 
distance between the double angle- 
jrons so small, that it might be 
preferable to use T iron, instead of 

irs of angle-irons when this method 
is adopted, and thus rednce the 
number of filing pieces to those 
required at the crossings only of the 
ties and struts. The arrangement 
represented in Fig. 5 may be adhered 
to without depriving the compres- 
sion bar of any of its strength, for instead of cutting off the 
ends of the webs, they may be bent over and forged down 
upon the channel part, thus increasing its thickness, but at the 
same time it would increase the distance between the double 
angle-irons, and so necessitate an addition to the thickness of 
every filling piece employed. 

If T or angle-iron is used, instead of channel for the struts, 
there must still be some cutting off or forging of the riba, in order 
to make them fit in between the angle-irons. The manner of 
attaching the tension bars is too simple to require any remark. 
The opposite lattices in the same girder are very often joined 
together by either a piece of bar or angle iron running from one 
crossing to another, and in large girders the opposite compression 
bars are united throughout their whole length by diagonal bara; 
in the latter case 'T or angle-iron would be better sections than 
channel, as, unless the compression bars are of very heavy scant- 
ling, the webs of the channel iron would be very unfavourable 
for the insertion of rivets. 

Having now considered the main features in the construction 
of wrought-iron double lattice girders of moderate span, I will 
endeavour to point out in what manner I think some of the 
defects may be remedied, without losing any of the advantages 
possessed by the present methods in use. 

( To be continued. ) 
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THE ANTIQUITIES OF WELLS.* 
By J. H. PARKER. 


IcowsipER Wells as one of the most interesting cities we have 
remaining anywhere, from the unusually complete series of 
Medisval buildings belonging to its ancient cathedral establish- 
ment. I believe there is not such a complete collection anywhere 
else; and the cathedral would lose more than half its interest if 
deprived of these adjuncts. I would strongly urge upon the 
inhabitants of Wells and of the county of Somerset the importance 
of preserving this series of buildings as vies Gea as possible. If 
they are not patriotic enongh to appreciate them for their artistic 
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and historical value, they may perhaps be more open to the con- 
sideration of money value; and I am much mistaken if they do 
not find in & very short time, the number of visitors who are 
attracted by the unusual interest of their city is large enough to 
become a valuable consideration, especially now that it has the 
advantage of railway communication with the rest of the world. 
I have reason to believe that the interest taken in our Mediæval 
buildings by all classes, high and low, has increased in a very 
extraordinary manner, within the last two or three years especi- 
Ally, and I may mention one or two facts in proof of this. Only 
last week I was informed, on good authority, that the number of 
visitors to see Westminster Abbey has been not less than & 
thousand a day during a great part of the present season; and on 
one particular day upwards of three thousand persons paid their 
sixpences to the fabric fund for seeing the royal tombs and 
chapels. During the same period the number of visitors to see 
Windsor Castle, on the days on which the public are admitted, 
which are five days in the week, has been upwards of twelve 
hundred a day. Of the interest taken in the subject by the 
higher classes I can myself bear witness; for I am overwhelmed 
with invitations from the highest nobility and gentry in the land 
to explain to them the history of their castles or honses, 
abbeys or churches. The hundreds who attend the numerous 
architectural meetings testify to the same fact. Iam also engaged 
upon the architectural history of Windsor Castle for her Majesty, 
who expresses great, personal interest in the subject. 

Nor are our neighbours across the Channel one whit behind 
us in the interest taken in the subject. The French Government, 
which reflects the opinions of the majority of the French nation 
far. more faithfully than some of our friends are willing to allow, 
expends large sums every year in the preservation and restoration 
of their historical monuments, and in the formation of museums 
of antiquities. Iam sorry to find that the people of this country, 
which is one of the richest districts in Europe in historical monu- 
ments, are rather behind the world in their appreciation of them; 
and that during the last year one of the old canon's houses in 
Wells, with a fine hall of the fifteenth century, has been wantonly 
destroyed under the name of improvement; and that the orga- 
nist's house, another of the series, which has first been almost 
spoiled by neglect and by the stupid alterations of the last century, 
is now threatened with entire destruction for the purpose of open- 
ing a view, one of the usual excuses of ignorance. I donot know 
who the parties are who are at the bottom of this spirit of 
destruction, and I do not wish to inquire; but I could almost be 
answerable that some old man, or old woman, of seventy is the 
prime mover of it. I have always found it so everywhere; and, 
the obstinacy of old age being added to the usual obstinacy of 
ignorance, it is generally quite impossible to move it or make any 
impression upon it: the only chance is that some younger men 
may overrule him; and we must endeavour to bring public 
opinion to bear upon all such cases, The last generation was 
entirely ignorant of the value of any Mediæval buildings. The 
history of England itself was very little studied or understood in 
their youth, and they could not understand at all these great 
landmarks of history. But in the present day, when every girl 
in her teens who has had a decent education is ashamed of her 
ignorance if she does not understand something about them, and 
is generally willing enough to show her own knowledge by laugh- 
ing at the ignorance of others; and when every educated man 
points the finger of scorn at those who would destroy any 
historical monument; it is only necessary to expose such attempts, 
and not allow the mischief to be done in a corner. 

But it istime that I came to my immediate subject—the Medi- 
geval buildings of Wells. The Cathedral has been sufficiently 
done by others: the Bishop’s Palace I described last year. Ialso 
gave a slight account of the Deanery, the Archdeaconry, the 
Vicars’ Close, and the old houses of the canons and officers of the 
cathedral; but these, I think, will bear a little further elucidation. 

The Deanery is said to have been built by Dean Gunthorpe 
(1472—1498); and, though a good deal spoiled by modern sash 
windows and other alterations, it is still nearly a perfect specimen 
of a gentleman’s house of the fifteenth century, and has its own 
gate-house and wall of inclosure. The principal apartments were 
all on the first-floor, which was a very common arrangement in 
Mediæval houses, the ground rooms being commonly cellars and 
storehouses; for the state of the country, the want of roads, the 
scarcity of shops, and the bad supply of the markets, made it 
necessary to keep a much larger quantity of provisions in store 
than is called for in these daya, The salting-honse, the bake- 
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house, the brewhouse, the spicery, and many other similar 
apartments, were quite necessary in a large house; and the whole 
of the ground-floor was frequently occupied in that manner. In 
the Deanery, the principal apartment was in the garden front, or 
back of the house, on the first-floor, and is a valuable example of 
the transition from the earlier Mediæval hall, with its lofty roof, 
and the more comfortable dining-room of later days. At the 
upper end it has the beautiful bay window for the sideboard at 
the end of the dais; and at the lower end the music gallery, which 
is of stone, carried on & wide arch, with the stone staircase to it 
&t one end—an unusual arrangement; and under the arch is the 
lavatory, for the guests to wash their hands before going into the 
hall, as this was behind the screen which crossed the entrance. 
But, instead of a lofty open roof, it had a flat panelled ceiling. 
The approach to this hall was by an external staircase at the 
corner of the house, of which the newel-post remains; and the 
doorway to it may be seen in the wall, with the marks of the 
pent-house over it. The present staircase was originally for the 
servants only, leading straight down to the kitchen and offices, 
which were on the ground-floor. Behind the dais at the upper 
end of the hall is the solar, or lord’s chamber, known as Henry 
the Seventh’s chamber, because that monarch is said to have slept 
there on his visit to Wells. Lhe house has formed three sides of 
a quadrangle, with a curtain wall across the fourth side or front, 
towards the principal court and the gate-house. It has octagonal 
turrets at the corners, apparently more for ornament than for 
defence. 

The Arehdeaconry appears to have been & house of at least 
equal importance with the Deanery: in fact, the hall of it is 
larger and more imposing; and, in this instance, it occupied the 
whole height of the building from the ground to the roof. The 
house was originally built in the time of Edward IL, as is shown 
by the windows in the gable at the east end, and one of the door- 
ways near to this end, which has s fine suite of mouldings on the 
exterior, and a fuliated arch within. This was the back door to 
the servants’ court; the front door towards the close was larger 
and more important; but only a part of the foliated inner arch can 
now be traced in the wall, the front of the house having been 
entirely modernised. The hall occupied about two-thirds of this 
part of the house, and still retains a very fine open-timber roof 
of the early part of the fifteenth century, probably of the time of 
Bishop Bubwith, as it agrees with the roof of the hall and chapel 
of his almshouse. In the east wall of the archdeacon’s hall are 
the three doorways of the buttery, pantry, and kitchen, as usual, 
showing that the otfices were at the east end of the house, but 
have been destroyed. At the further end of the house, beyoud 
the dais, it was divided into two stories—the cellar, or store-room, 
or parlour below, and the solar, or lord's chamber, or withdraw- 
ing room, above: this solar is itself a room of considerable size. 
The whole of the arrangementa indicate that the archdeacon was 
a person of considerable importance, and able to exercise hospi- 

ity on a grand scale; or the house may have been a sort of 
residentiary, where the Cbapter exercised their hospitality as a 
body, like the Guesta’ hall, recently destroyed at Worcester. 

The house of the Choir-master, at the east end of the cathedral, 
is a small gentleman's house of the fifteenth century, tolerably 
ete with the roof and the upper part of the windows of the 

all remaining, but disguised and concealed by modern partitions. . 
The porch, with the room over it, remains perfect, and adds much 
to the picturesque beauty of the house, the reat of which is 
entirely modernised; and the original offices seem to have been 
destroyed, as is frequently the case. 

The Singing-school is over part of the west wall of the cloister, 
and joins on to the south-west corner of the cathedral. The 
Organist’s house is close to this, and is one of the smaller houses 
of the fifteenth century, the plan of which was that of the letter 
T, the hall forming the top-stroke, and the reat of the house the 
stem; but the house has been almost entirely spoiled during the 
last century; vile additions have been made to it, encroaching on 
the small space originally left between the house and the cloister, 
and destroying the outline of the house; which, when it stood 
clear, must have been extremely picturesque. The interior is 
also spoiled by modern partitions, now become more old-looking 
and more rotten than the original roof of the hall, which remains 

Most of the Canons’ houses have been either rebuilt entirely or 
much spoiled by modern alterations; one of them to the rorth- 
east of the cathedral ini occupied by Canon Brodrick) Iss a 
good porch and a panelled battlement of the fifteenth centuyy. _ 

Another house, rather farther to the east (now the School), is 
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partly of the fourteenth century, with a good finial on the gable, 
aad the moulded arch of a doorway of that period, evidently: the 
chief entrance to the hall originally, but long blocked up. This 
hall has a fine timber roof with angel corbels, but quite concealed 
by modern Inth-and-plaster ceilings. The cellar or store-room 
remains, with several lockers in the wall, and is now the school- 
room. The solar over this is modernised, but this also contains 
the old roof, with its gable and coping. To this wings have been 
added in the fifteenth or sixteenth century, apparently to obtain 
additional bedrooms; and it is probable that at that time the 
original kitchen and offices at the other end of the hall were 
destroyed, and new ones made in the new wing. Such a change 
as this was very frequently made in the sixteenth century, 

The very remarkable and picturesque Vicars’ Close is so well 
known that it is not necessary to repeat any long story about it, 
but the outline of its history may be mentioned. The vicars 
choral formed part ofthe original establishment of the cathedral, 
and were incorporated by Bishop Joceline in the beginning of the 
thirteenth century; and as he was a great builder, it is probable 
that he built houses for them; but all that we have remaining of 
his time are some fragments of beautifully-sculptured ornament 
used up as old material, and built in the spandrels of the arches 
of the windows, and in the parapet. These correspond exactly 
with his work in the cathedral, and with the remains of his 
palace at Wookey; but they may have been brought from some 

rt of the cathedral now destroyed, and the original vicars’ 

onses may have been of wood only, as was very usual at that 
period. These were rebuilt by Bishop Ralph, of Shrewsbury, in 
the fourteenth century; and he expressly mentions in kis will the 
housee that he has built for the vicars; but all that remains of 
hie work is the hall, with its west window and side windows; the 
east end over the gateway was lengthened in the time of Henry 
VIIL by Richard Pomeroy. 

The present houses were entirely built or rebuilt by the exe- 
cutors of Bishop Beckington, late in the fifteenth century, on one 
uniform plan, and several of these remain nearly perfect, though 
in many cases they have been altered, and two houses thrown into 
one. Nor can we complain much of this, when we remember 
that the houses were originally intended for bachelors only, and 
each consisted of two rooms with closets at the back, but no 
offices. The vicars dined together in their common hall, and 
required no kitchen in their houses. The close was, in fact, 
a college, in which each student had a small house, instead of his 
two rooms in a large one. . 

The very beautiful gate-house and bridge over the road from 
the vicars’ hall to the cathedral, is part of the numerous works 
of Bishop Beckington, one of the greatest benefactors of the city. 
The southern arch of this bridge, the one nearest to the chapter- 
house, has long been concealed fou view on the east side by a wall 
which has lately been removed; on the west side by a stable 
built against it probably in the seventeenth century, but con- 
structed of old materials so ingeniously put together as to deceive 
the eye at a very short distance, and to appear like part of the 


original struvture. This obstruction I am happy to say, is 
about to be removed, and the arch left open, which will greatly 
improve the effect of this very remarkable bri I can see 


no reason for keeping the passage across this bridge always 
closed, or why the theological students should not be allowed to 
go across it from their library, formerly the vicars’ hall, to the 
cathedral, as the vicars did of old. This would be, in fact, reato- 
ring it to the purpose for which it was built; for the present 
theological students much more truly represent the c of 
pori for whose use the Vicars’ Close itself and the bridge was 

milt, than the present corporation of vicars does. The degrada- 
tion of the class of vicars choral generally, now called singing men, 
is one of the curses brought upon the Church by the change 
in the value of money. 

The only other Mediæval house in Wells is, I believe, Bishop 
Bubwith's Almshouse, near St. Cuthberts Chureh. This is re- 
markably perfect and ey interesting, though much spoiled 
about & dozen years ago by some stupid builder, who could 
not understand or appreciate the wise arrangements of our ances- 
tors. The original plan was a great hall, with a chapel at the 
end of it, and with cella along the sides for the almsmen, which 
which were open at the top to the lofty and fine timber roof, so 
that each old man had the benefit of many hundred cubic feet of 
air; and, in case he became ill or infirm, he could hear the service 
Chanted daily in the chapel withont leaving his bed; and if he 
was able only to crawl to the door of his cell, he could see the 
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elevation of the host by looking along the central paasage to the 
chapel, and could always attend divine service, however old or 
infirm he might be. At the opposite end of the hall was & 
building of two stories, the lower one of which would be the 
common room of the almsmen; and over it the chaplain's or 
masters apartment. In this apartment is now preserved a very 
fine money-chest of the fifteenth century, with the usual three 
locks, and painted in the old style with a scroll pattern. This is 
supported on a stand made for it in the time of James L, with 
some curious doggerel verses upon it. It is, perhaps, hardly 
necessary to observe that the arrangement of tbe cells along the 
sides of a large hall is exactly the same as that of the dormitory 
of 4 monastery. This arrangement is the most economical of 
space consistent with an abundance of air, and has been adopted 
in the dormitory of Ridley school, and some other large schools 
where the masters are enlightened enough to profit by the wisdom 
of their ancestors. The same arrangement is also adopted in some 
of the public baths lately erected in various places and for the 
same reasons. The partitions of the cells give privacy without 
losing space; and being open at the top to the roof, there is plenty 
of air. At Glastonbury, an almshouse of this description has had 
the hall roof destroyed, and each of the cells roofed over, so as to 
turn them into a little street of cottages. I cannot see the advan- 
tage of this change. When the old arrangement was a the 
almsmen, or the monks, were kept warm in the winter by hang- 
ings and an awning over the cell. But the modern builder has 
ected the improvement of making each cell as nearly air-tight 
as ible with lath and plaster, and introduced a second set of 
celis on a floor over the original ones; thus entirely spoiling the 
old hall, and allowing each almsman only a very limited supply 
of air, hardly sufficient for health. I know nothing of the history 
of this alteration, but it seems natural to suppose that it has been 
done under the direction of some corporate body of governors, and 
haa been considered a clever and ingenious construction, to accom- 
modate double the numberof almsmen in the same space and under 
the same roof; and it looks as if the trustees of the property with 
which the hospital was endowed by the founder had, after long 
neglect, been seized with some qualms of conscience, or some whole- 
some fear of the Charity Commisaion, and had observed that their 
funds were more than sufficient for the then existing number of 
almsmen at the then rate of payment. In such cases it very 
commonly happens that the change in the value of money since 
the time of the foundation is entirely forgotten. If the endow- 
ment was in land, as it probably was, it is worth now, in nominal 
money value, twenty times the sum at which it was reckoned by 
the founder. This is no random assertion, but it is well known 
to those who have studied the subject: and I am not now speaking 
of the Wells case in icular: I only guess from appearances 
that the case is one of those of constant occurenoe everywhere. 
But to return to architecture. I have omitted to mention the 
Bishop's Barn, which is a very fine and perfect one of the early 
part of the fifteentb century, probably built by Bishop Bubwith, 
as the construction of the ak is the same as that of his alms- 


house, although plainer. 

St. Cuthbert’s Church does not properly belong to my 
subject; but in order to complete the history of the Mediæval 
buildings remaining at Wells, perhaps a short account of it may 


be desirable. It was originally a cruciform church of the thir- 
teenth century, with a central tower and with aisles to the nave, 
but of the church all that remains in the original state is a part 
of the north transept; the central tower has removed, the 
church entirely rebuilt in the fifteenth amet without a vestige 
of the old work. The pillars and arches of the nave have been 
rebuilt in the fifteenth cen also, and the pillars lengthened 
considerably. The arches, with their dripetones preserved and 
used again on the taller pillars, and most of the capitals have 
had the foliage cut off. The aisle walls, the clerestory, and 
the roof, are all Late Perpendicular, about the time of Henry the 
Seventh; but the beautiful west tower is evidently earlier than 
the clerestory and roof, and has the mark of the old roof on the 
east side of it, coming below the present clerestory. This 
fins tower, which is certainly one of the finest of its 
and which Mr. Freeman considers, I believe, to rank only secon 
to one other, is said to have been built in the time of Bishop 
Bubwith, or about 1430; and this Mrs to me probable. The 
character of the work is rather Early Perpendicular, and the 
ined vault under the belfi to be an imitation of the 
rated vault of the cath . The arms in the spandrels of 
the west door belong to benefactors whose families disappear from 
69 
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the city records about 1450. If the tower prove to be of the time 
of Bishop Bubwith, it is a valuable date to have ascertained, as 
these rich Somersetshire towers are usually considered to be half 
^ century later; and it seems more probable, as Mr. Freeman 
observed to us last year, that they do in reality spread over about 
a century, than that they were al built in twenty or thirty years 
at ihe ene of it. 

As I have now said all that a to me to be necessary 

ing the buildings of Welle 1 may perhaps be allowed to 

add a few words as to the manner in which it is probable that 
funds were provided for building them. There were, no doubt, 
at all periods some men who were fond of building, and when 
these men happened to be wealthy they built a great deal, as in 
the case of Bishop Beckington, who must have expended a very 
inim during his lifetime in building, and left the remainder 
of his fortune to his executors to be expended in the same 
manner. Bat there are men who are fond of building in these 
days also; the difference is that building was almoet the only 
mode of displaying wealth in those days, and every one likes to 
leave some memento of himself behind him if he can. 

For those buildings belonging to a cathedral chapter there is 
however another mode in which funds may have been supplied, 
at least in part. In nearly all these foundations certain estates 
were set apart by the founder or by the chapter, from its earliest 
days, to form the fabric fund; out of this fund a gang of workmen 
was kept in the regular employ of the chapter, and we find from 
the records of several of our cathedrals that the same families 
continued to serve the chapter as masons or carpenters or smiths 
generation after generation. In this manner they acquired great 
skill in their art; and although the architect, or master-mason, 
may have travelled and got new ideas from time to time, the 
greater part of the workmen were stationary, and naturally 
ormed a school of their own, which accounts for the provincial 
character we very often find in Mediæval buildings. After the 
cathedral was completed these men would naturally be employed 
by the chapter in any other works that were required, such as 
' houses for the canons or officers, or for building churches on the 
manors belonging to the chapter. When a parish was an inde- 
pendent rectory it commonly had a fabric fund of its own; and 
any one who has read many of the wills of the middle ages must 
have met with many bequests to the fabric, and these do not 
always prove that any particnlar work was going on, although they 
were, of oourse, more numerous at such times. When great 
works were going on, and funds fell short, the chapters sent round 
briefa-or begging letters in all directiona, and frequently obtained 
large contributions to their fabric fund. It was therefore by the 
joint action of the voluntary principle and the hereditary prin- 
ciple, or the endowments bequtathed by our ancestors, that those 
magnificent series of structures were erected. 


Extract from the Chapter Books, A.D. 1825. 

** Jtem— That the bishop shall contribute to the fabric of the new work 
of the church of Wells one moiety of the proceeds of his visitation. 

Item— Because the stalls in the choir are ruinous and ugly, it was 
ordered on the same day, that all and every of the canons who are duly 
constituted in the dignity and office, shall make their own stalls at their 
own expense, and that the dean may compel them to do ao." 

This shows that the buildings were not completed in 1325; it 
is probable that the Lady Chapel and the Chapter House were 
the works then carrying on. The stalls then ordered to be made 
were turned out as rubbish a few years ago, having previously 
been much spoiled. One of the ends of a stall-desk has been 
fortunately Peres by Mr. G. G. Scott, who obtained it by 
accident, and knew its value. (A photograph of this was exhi- 
bited by Mr. Parker, and was acknowledged by all to be a very 
fine specimen of the woodwork of the fourteenth century.) 


—— .J —— 


THE ECONOMIC CONSTRUCTION OF GIRDERS. 
(Continued. from page 280.) 


GIRDERS OF GREAT SPANS. 

THE striking conclusions arrived at in our last paper will, we 
believe, be readily acquiesced in by those who are at the same 
time sufficiently acquainted with the practical requirements, and 
have thoroughly studied the simple mathematical questions, in- 
volved in the determination of the weights of great girder 
bridges. But many readers, to whom the resulta may be sur- 
prising and interesting, may not care to follow the processes by 
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which these have been attained, and cannot therefore have clear 
impressions of the causes of such great disparities in the weights 
of girders when extreme spans are attempted. We shall there- 
fore endeavour to give here a more direct and sufficiently simple 
exposition of the excessive influence which the value of the 
economic merit of any particular form of structure has upon ite 
weight when the dimensions are greatly increased. 


FawxiLiIAR EXPOSITION OF THE RELATION BETWEEN SPAN AND 


. e WEIGHT or GIRDER BRIDGES. 
Let the general factor of safety be assumed, for the sake of 
simplicity, the same for all spans. 


Let P represent the whole load belonging to one line of rail- 
way exclusive of the weight of the bare girders required for its 
support. P includes a movable loading at the rate of 1 ton 
foot of span besides the weight of the shares of the roadway plat- 
form, horizontal and transverse bracings, permanent way, &c. of 
the complete structure, due to one line of railway. 

Let G represent the weight of the bare girder or girders re- 
quired to support the above loadings, beaides ita own weight. 

Then OFE represents the whole load supported, and therefore 
the whole practical strength required, of the girder or girders. 

Then G represents the portion of the practical strength of the 
girder nor maetally available, being devoted to sustaining the 

irder itself. 
sindon P represents the useful strength, or the portion of the 
practical strength available for tbe support of the necessary load. 

Now let us assume that for a span of 50 feet the weight of the 
train, roadway platform, &c., or P, amounts to 65 tons; and let 
us suppose that two girders constructed on different systems, A 
and Band each capable of supporting, under the proper factor 
of safety, its own weight in addition to the above 65 tons— 
weigh respectively 4 and 6 tons: we then have 


G4-P, G, P, 
ot Whole Practical or Strength, or Available 
Strength. Belf-absorbed. Btrength. 
Girder built on 69 tons 4 tons 65 tons 
System A ...| oras l7] to 1 to 163 
Girder built on 71 tons 6 tona 65 tons 
System B ...| oras 11$ to 1 to 10§ 


Now since the weights of similar girders are as the cubes of 
their spans, while their strengths (measured by the whole of the 
supported loads) are only as the squares of their spans, it follows 
that the ratio of the weight of a girder to its strength, or of 
G:G-F-P, varies inversely as the span, or in other words, the 
ratio of G : span (G+P) is constant. Furthermore, these ratios 
are not materially affected by moderate charges in the absolute 
strength of the girders, since, within practical limits, a girder 
which does not vary in span, depth, or design, but only in the 
general scantlings or sectional areas of the will have its 
strength varying in the proportion of ita weight.. Therefore if 
we increase the above spans from 50 to 400 feet, the ratios of 
G:G--P, shown above as 1:17} and 1:11, do respectively 

50 50 
become=1 :173X m! 1:216, and 1:114X goo oT 1:146. 
And the ratios of G: P will evidently be obtained by dedncting 
a unit from each of the foregoing, or 
System A. Bystem B. 
When G : G--P. = 1 : 2°16 and 1 : 148 
Then G : P = 1:116 and 1 : 0:48 

Now for the span of 400 feet let us assume the value of P to 

be-600 tons; and we consequently have 


System A. System B. 
oP P 
" Tq ™ 048 
= 600 600 
= 146 =518 tons, and 0-48 = 1250 tons. 


So that instead of the weights of the girders being as before in 
the proportion of 1:1:5 for the 50 feet span, they are for the 
400 teet span in the proportion of 1:24, although the relative 
economic merits of the systems A and B remain the same as 
before. 

The economic merit of each system may be represented by the 


relative value of the ratio RED. for the two aystems À and B, 
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the values of this are as 1:46 : 1, and on decreasing the spans of 
the girders the proportion of their weights to one another would 
assume more and more nearly this value taken inversely. 
For a span of 6500 feet, the ratios of G:G+P become 
50 50 ele 
=1:17}x 500 and 1:114x 500% 1:1725 and 1:1183, and 
uently the ratios of G:P become=1 :0°725 and 1:0183; 
and if we assume P-—6800 tons, 
G will become= ems =1103 tons, for the A system, 
and G ” = ses =4371 tons, for the B system; 
or in the proportion nearly of 1:4 We consequently have the 
following results:— 


System A. System B. 
Ratio of the economic merits taken inversely = 1 : 0 1:46 
Ratio of the weights of the girders— 
when the span is 50 feet = 1 : r5 
" 400 ,, = 1 : 24 
3 500 ,, = ij : 4 


From the above, as from Table IV., page 280, it will at once 
be seen that if—from adopting a more economic design, or em- 
ploying a stronger material—we can reduce the weight of a 
girder, taken in proportion to the load it can carry, even by what 
in the case of a small structure might at first sight be thought 
an insignificant amount, yet when a case occurs requiring a 

irder so great that its own weight constitutes an important 
portion of its load, the saving of material from that slight im- 
provement may become immense. It is therefore an imperative 
duty of the engineer intrusted with the establishment of any 
very large structure of this clasa——who would not do injustice to 
those whose capital is embarked in the undertaking, nor Mi. 
discredit on the engineering character of his country—to searc 
out the most economic systems of construction, and by a careful 
investigation, founded on the principles we have already indi- 
cated, to ascertain what materials it is best in the circumstances 
to employ. 

BowsrRING AND OTHER GIRDERS. 

There are various excellent forms of girders for which it is 
desirable that the values of k should be determined; of these we 
may mention the bowstring girders (see page 35), and the original 
design, Fig. 1. We may return, on some future occasion, to the 
consideration of these. There is little doubt however that the 
change girder, when made of sufficient depth, and also the 
design, Fig. 1, have great economic merits. But when such 

Fra. 1. 


eae EA Dn 


forms as these, and No.9 of page 164, are made use of under 
the ordinary arrangements, a great deal of material must be 
added to the upper members towards their extremities to give 
the necessary lateral stability, since the introduction of hori- 
zontal or transverse bracings at these parts is prevented by the 
position of the roadway. By modifying the arrangements how- 
ever we may obviate this objection. Our first ne for this 
purpose ia, that for a double line of railway the bri g should be 
composed of four single girders, the two central ones being placed 
a considerable distance apart, as in Fig. 2, this gives space for 
the application of continuous horizontal and transverse bracings; 
at the same time the amount of material E, to be added to resist 
the longitudinal stresses induced by the wind, is diminished on 
account of the increased width given to the structure; and fur- 
ther, the length of bearing of the transverse girders becomes 
reduced to a minimum. 

Another arrangement, which we propose as possessing some 
advantages, is shown in section, Fig. 3. 

GIRDER BRIDGES COMPARED WITH OTHER SYSTEMS, FOR 
Great Spans. 

We have treated of that branch € the general subject of 
great spans which comes under the heading of girder construction, 
or wherein the pressures upon the supports are vertical. We do 
not at present purpose entering upon the other branches, which 
include suspension bridges and untied arched structures; but 
much of what we have said regarding girder bridges, and the 
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principles of calculation we have exhibited, are equally or with 
slight modifications applicable to these other systems of construc- 
tion; thus, for instance, formule 1, 2, and 3, pages 333, are of 
universal application. 

We believe that the economic advantages to be derived from 
the employment of the so-called rigid suspension bridges and 
untied arches, as compared with properly constructed girder 
bridge have been very much over-estimated: this must chiefly 
result frum very faulty examples of girders having been chosen 
in drawing the comperisons. 

When girders such as we have pointed out are adopted, and 
superior materials made use of, a very low value may be assigned 
to kys We shall, for the sake of example, suppose this value to 
be—'0007, although we have no doubt that one still lower could 
readily be euskal by the adoption of the arrangements in Fig 1, 
2, or 3, or with bowstring or other girders. e values of the 


Fio. 8. 


Fie. 2. 


Transverse section. 


parts composing F may also be considerably reduced below what 
are shown in Table IL, page 280, on account of increased width 
of structure, shorter bearings for the transverse girders, and the 
use of steel for the ties; and for extreme spans the movable load- 
ing may be taken at less than one ton per foot run. Under these 
assumptions a span of 800 feet, and that in a non-continuous 
structure, would be of easy accomplishment; thus, let us take— 


For a Girder spanning 800 feet. 

E - m sss -. = 120 tons 

Hand T bracings ..  .. = 80 

Platform, &c. , .. = 200 

W ... oe E .. = 600 

F+W, a E s dE 1000 tons 

And by formula (3) we have 
_ WTF) L “88s oo = 
G= i45 44100071373 tons 
G+E, or girders complete wna so = 1393 tons 
G-FF, or half of complete bridge for 
'a double line of railway ...... } E 1673 , 


It should be borne in mind that this result, although a0 very 
satisfactory on the score of lightness, is obtained with the factor 
of safety taken so high as 3:5; for such spans a lower rate of 
strength would be sufficient according to some authorities. We 
venture then to think that the girder system, when its combined 
advantages of rigidity and facility of erection are taken into 
account, will contrast favourably in a general point of view with 
any other piper of construction, even for such spans as 700 or 
800 feet. Its rigidity gives it a favourable distinction from the 
suspension system; while its facility of erection will in most 
situations prove an advan over the arch. 

The s usion bridge if thoroughly braced, and when the cost 
of the chains and that of the heightened towers are included, 
will not probably be much, if any, cheaper than the best girder 
one, especially if. as would probably be the case, a higher factor 
of safety were insisted upon for the former than for the latter.. 
In some situations indeed, as when an unnavigable torrent of 
ga width has to be crossed, the suspension principle is the only 
easible one. 

The untied arch must ever have a t excess of sectional 
area, or a large addition of material to stiffen and brace it, which 
will greatly reduce its economic merit; a centering being required 
for its erection, will also in many situations prove almost a 
barrier to its use. 
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1f it be desired, instead of employing a general factor of safety 
=3'5 asin the above calculation, to have a higher factor (say 
=4'5) for the movable paan of the loading, and the ordinary 
value —3 for the fixed loading; all we have to do is to subetitute 


for W, the value of s Wp and make use of 3 as the general 
factor, and instead of kp, = 0007 to employ k,—0006: thus, 


*0006 x 800 45 48 
G= 3006800 toV Gq i99 = 1200 tons 
G+E, or girders complete... X = 1320 ,, 
G-++F, or half of complete bridge for} 1600 
a double line of railway ..... . A 


The results being somewhat less than when 
3'5 is used (see page 233 ante.) 


APPROXIMATE COMPARISON OF THE WEIGHTS OF PLATE AND 
OrENwonk GIRDERS FOR VARIOUS PROPORTIONS oy DEPTH 
TO Spay. 

Whether the web of a girder be made of platework or open- 
work, the sum of the weights of the top and bottom may be set 
down as the same.* 

Now we found that when S--D—8, the weight of the bracing 
. of an openwork girder was equal to half the weight of the 
booms; and that its weight was nearly constant, although the 
depth of the girder underwent considerable changes. Other 
things equal, we may take the weight of the booms in both 
systems as inversely proportional to the depth, or as SD. 

In the plate system, we believe, we do not overstate the case 
when we assume that the weight of the sides will vary nearly in 
proportion with the depth .of the girder; this takes for ted 
that any saving that can be sec from peu the plates of 
the sides when the depth is increased will be fully absorbed in 
necessary additions to the sections of the L and T irons to give 
the requisite lateral stability and stiffness. 

In the Conway tube the weight of the sides is equal to half 
that of the booms, and we have shown that S—D is fully equal 
to 18, but as we do not wish to be chargeable even with not 
favouring the plate form, we will call this=16. From these 
data, and taking the value of SD to represent the weight of 
the booms, we at once obtain the results in the following table:— 


the general factor 


Total and partial Weights of the Girders, when the same 


load is supported. 
Openwork Girder, Platework Girder. 
Booms. Web. Total. | Booms, Web. Total. 
-32 + 4 = 36 32 + 4 = 36 
28 4 32 28 4°57 32-57 
24 4 28 24 5:33 29°33 
20 4 24 20 6°4 26°4 
16 4 20 16 24-0 
12 4 16 12 10°67 22°67 
8 4 12 8 16 24 
4 4 8 4 32 36 


This table, although professedly only a rough approximation, 
offers many interesting points of comparison, several of which 
give us confidence in its contents not being very far from accurate. 

We mar take the weights given in larger type as 3 preted 
correct. Those for the webs of the shallower at the open- 
work character are probably overstated, so that it is for the last 

example only that any economic exaggeration can exist. In the 
‘plate girders there may be room for more doubt, but the fact of 
the minimum weight for these pointing to the proportion of 1:12 
as the most economical for that of the depth to the span is im- 
portant, since if we are wrong in our views regarding the increase 

* This ignores the moments of the tudinal stresses of the plates of the web; 

against these may be placed the fact that the lower boom of an openwork girder may be 
made stronger for its weight Corresponding bosm of a pite girder: wW 

however the depth is in proportion tà span, these moments may become of 
such importance as to require aocoant being ke fhem; Iha ed being to reduce 
somewhat the w h of motal. In MM such girders, The late Mr. Robert 
as we find at 597, article “Iron Bridges,” in the 8th edition of 
Britannica,’ t. words: “The central strain on the top and bottom 


flanges, depends solel; on the depth of the girder, and is perfectly independent ot 
the system which connects them.......” 
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in the weight of the web—and it should really not increase in 
weight so rapidly as the depth—then the girder of minimum 
weight would result from a still higher proportioned depth than 
one-twelftb, which would stultify the practice of the advocates 
of this mode of construction. One-twelfth of the span isthe 
greatest depth for large plate girders that would probably be 
attempted. There may however arise subordinate questions 
here.--viz, that the economic laws governing the ratios of span 
to depth (for plate girders especially) may not be constant for 
different spans, and that for a short girder a higher value of the 
depth may be resorted to. Various reasons could be adduced in 
support of this, besides that of every-day prce, 

e may further notice that in the ve table the girders 
become equally economic when the depth is made equal to the 
span divided by 32, or about half the proportional depth of the 
Conway. For depths less than this the economic merit would 
be on the side of the plate system; this value, 32, is that of the 
x contained in the article at page 236 of vol. xviii. of this Journal, 


Edinburgh. R. H. B. 


THE GUILDHALL, LEICESTER.* 
Br Gorpow Hius. 


Tuis building, called also the Town Hall, has been used for 
nenrly 300 years for the administration of the municipal affairs 
ofthe town. This, however, was not the original pum of the 
guildhall. The e Christi Guild owned a hall, which stood 
on this spot, and held in it their own meetings, independently of, 
and (as it is stated by Nichols) exercising sometimes superior 
authority to, the mayor and Di The original Mayor’s 
Hall stood in what is now named Blue Boar-lane and Holy Bones. 
Although no trace of the building is to be seen at this day; yet, 
in the two important points of ita beginning and its end, its 
aT is known with remarkable precision. The site was pur- 
ch by the mayor and burgesses in the 13th century, and the 
charter of conveyance is said to be still extant, though I have not 
seen it. A deed of the tenth year of Henry VI. speaks of the 
Common Hall sega on the Holy Bones, and again another 
deed of second year of Edward IV. speaks of the Town Hall 
standing on the Holy Bones, in the parish of St. Nicholas. 

It is to be presumed that in course of time the hall became 
dilapidated, and in the early part of the 16th century it was 
gradually disused. It remained in the hands of the mayor and 

urgesses for some period after its disuse, till in 1653 it was sold 
for £30 to John Kostian, maltster. At the time of the sale it is 
described as the old “Town Hall,” or “ Old Shop," containing 
three bays of buildi in length twenty yards and one foot, in 
breadth at the east end nine yards, on the west seven, situate in 
a street called “ Blew Bore Lane.” 

The guild of Corpus Christi was founded in 1350. It was an 
association for the regulation of commercial affairs, similar in 
character to others mentioned in the history of every town or 
city in the kingdom enjoying a commercial reputation in that 
age. Other guilds were founded in Leicester. e guilds of St 
Jobn, St. George,, and St. Margaret, and the guild Mercatoriam, 
are constantly mentioned in the hall books. the great work 
of Nichols, the historian of Leicester, the site of the Guildhall of 
St. George is erroneously stated to have been where the Town- 
hall stands, bat that he wrote this under a mistake will be 
evident from what follows:--An entry in the Hall Book of the 
10th year of Henry VII. shews that a common hall was then 
holden in the hall of Corpus Christi Guild. In the 21st year of 
Henry VIII. we have the account of the meeting of the town body 
in Corpus Christi Hall. Other instances occur owne E 
have become a matter of ordinary practice to use Corpus 
Hal!, and when, in the fifth year of nm Elizabeth, the mayor 
and burgesses came into ion of the present hall, the deed 
describes it as lately in occupation of Corpus Christi Guild. 

Corpus Christi Guild, according to Nichola, contributed largely 
to the public ch as in the purchase of charters; and the 
masters of the guild had t interest in the government of the 
town, having power with the mayor to levy penalties on the bur- 
gesses for their misdemeanours; and upon the mayor's neglect 
they were empowered to levy them ss him. It is evident that 
the chief persons of the guild would be the most influential men 
of the town and its corporation, and that the two bodies must 


* Paper read before the British Archæological Association, at Leicester, 
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have been very intimately associated. To this community of 
interests may probably be traced the neglect and final abandon- 
ment of the old Town-hall in Blue Boar-lane. The masters and 
brethren of the guild, being nearly identical with the mayor and 
burgessea of the town, found it convenient to transact municipal 
as well as commercial business in the same hall. 

The guild of Corpns Christi dates from 1350. No part of the 
buildings belonging to the present guildhall possesses any archi- 
tectaral features entitling it to a higher antiquity than the reign 
of Henry VIL; so that of the nature of the buildings which ac- 
commodated the commercial body for more than 200 years no 
account can be given; but the first known meeting of the muni- 
cipal body in the hall of Corpus Christi guild, above referred to, 
occurs at à date which makes it just possible that the hall there 
spoken of may be the one in which we are now assembled. The 
features which may be referred to this period are the two timber 
framed arches in the west part of the hall, and the windows in the 
grand jury room. 

The two eastern spans or arches of the hall differ in form from 
the two to which attention has been already directed. They are 
different in construction and form, and of ruder workmanship; 
and the moulding, which is not alike on the two, is in both cases 
simpler than in the first instances. I do not, however, see any 
reason to suppose that they are older. The ruder character and 
evident divisions of the work show no more than an intention to 
divide the hall into two parts, one of inferior character to the 
other. The windows of the grand jury room in the west wing 
appear from their mouldings to be of the same date as the fra- 
ming of the hall. Very little of the framing in this west wing 
can now be seen, but some of the ceiling beams are ofa character 
which would also agree with that date; so that there is reason to 
attribute the whole framing of that wing to the reign of Henry 
VIL. The case is not so clear with to the east wing. It 
has been much altered by later works, and cased on the surface. 
Where the framing is not completely out of sight, it is evidently 
much older than the casing; and in one of the tie-beams of the roof 
the timber had so much decayed, when the casing was applied, 
that inside of it a substantial addition to its strength was thought 
necessary, two strong timbers being fastened on to the sides of the 
old beam. The date of these casings is very clearly of the seven- 
teenth century; and so it may certainly be believed that the 
internal work is much earlier: how much earlier, may be judged 
from the resemblance which the external form of the wing beara 
to that of the west wing; and this reasoning, I think, with much 
certain ty, leads to the belief that the two wings, as regards their 
main framings, are ooeval, and therefore coeval with the hall. 
The arrangement of the hall and its adjuncts has therefore 
undergone but little change, This conclusion is somewhat op 
to the received history of the buildings; but it will not be difficult 
when we come to the few further historical references to reconcile 
them with this view of the case. 

Over the seat of the president at the west end of the hall, in a 
little niche, occurs the date 1586, between the initials E. R. 
(Eliz. Regina.) The form ofthe niche exhibits the character of 
the Italian element, which then overflowed the Tudor Perpen- 
dicular work. The niche has however been subject to subsequent 
alteration and mutilation, and seems to have been taken down 
and refixed. Some carving (the little leaflets in the spandrels of 
the arches) seem to be in imitation of earlier work. Ishould say 
there is a beautiful example of carved work of the time of Henry 
VH. on which this seems to have been imitated, in a small room 
atthe end of thelibrary. Atthedate given on this niche extensive 
renovations seem to lave been effected, of which there remain 
the windows of the two western bays of the hall, and the whole 
of the library windows in the east wing. About this pe 
according to local tradition, the hall was the scene of the per- 
formances of Shakespere in his earliest playa. The hooks upon 
which the scenes were suspended are pointed out in one of the 
beams. In that age of pageant and feasting it cannot be doubted 
that many a civic feast did honour to the hospitality of the cor- 
poration, and this custom continued to very recent times. The 
modern residence of the police-superintendent pei mm the gite 
eae Blood, a very few years ago, the kitchen its culinary 

oes. 

After 1586 the next date to be mentioned is 1632. The library, 
which had first been kept in the tower of St. Martin's churcb, 
and then in the chancel, was this year transferred to the room it 
now occupies, in the east wing of the guildhall It is stated that 
the wing was then erected to receive it. In a document drawn 
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up in 1644, a very precise account. is given. This document 
states that “the library was erected and builded at the onely 
cost and charges of the Corporation of Leicester, at the motion 
and by the approbation of the Rev. Father in God John Lord 
Bishop of Lincoln, and by the prosecution of Mr. John Angell, 
publique lecturer for the said borough of Leicester. The building 
whereof was n in the time of the maioralty of Mr. John 
Norrice, Anno Domini 1632, Thomas Somerfield and Richard 
Ludlow being chamberlins; and finished in the same time of the 
maiorality of Mr. Nicholas Gilliot, Anno 1633, Thomas Bursnal 
and Alexander Baker being chamberlins.” We have some reason 
to believe that the building is much older, and the preparation 
made for the library consisted of the wainscoting and casing of 
the walls and timbers, and in the removal of the upper floor of 
the building, which rested on the tie-beams, The windows of the 
upper floor were, however, retained; and thus it is that this room 
is furnished with two rows of windows. On the transfer of this 
library to its present abode, a very interesting letter was written 
to the Mayor of Leicester by John Williams, Bishop of Lincoln. 
The letter is given in Mr. Pionpsuus History of Leicester, and 
its interest arises not only from its reference to the formation of 
the town library, but from the remarkable character of the 
writer. From a humble origin he rose to be Bishop of Lincoln, 
Lord Keeper of the Great Seal, and Archbishop of York, being 
the last ecclesiastic who held the Great Seal of England. He 
shared in the misfortunes of the adherente of Charles L, and died 
in the period of the direful disasters of the cause. 

In 1636, according to Nichols, Richard Inge being mayor. the 
parlour belonging to the guildhall, with the chamber gallery, 
evidence honse, and other rooms adjoining ‘here were newly 
erected at the charge of the common chamber. This statement, 
again, is not literally true. An extensive work was executed here 
in the way of by wer a very fine chimney-piece was erected, 
the gallery re-fitted, and, perhaps, the windows renovated, for 
they are different from any others wo have encountered, and 
evidently more modern. 

Until the recent abolition of the kitchen and its offices there is 
no substantial change to record in the form or appearance of the 
buildin Of ancient ornament but very little remains. I have 
refe to the carving now affixed to a chimney-piece in the 
apartment at the end of the libr: The coata of arms on the 
hall ceiling are recent restorations of old paintin, They are the 
arms of the town of Leicester, aud of its patron the Earl of Hunt- 
ington who flourished in the days of Elizabeth. Some stained 
glass, now in the windows of the Mayor's Parlour, was, when 

ichols wrote, in the windows of a house which was the chantry 
house of Corpus Christi guild. In the transfer to the present 
place they have suifered some dilapidation. 


— 


Mr. James TnHoMPsoN said he thought Mr. Hills had made a 
little mistake in his reference to Nichols about the glass in the 
window. He was confounding two distinct things. The glass 
that remained was in thirteen lights, just one more than the 
twelve months of the year. Of course they originally began with 
January, and went on in succession to December. Wigan of 
three months were readily made out. For December a man was 
represented warming his hands at a fire. Another of the months 
was represented by a fi thrashing wheat; and another by a 
man digging the ground. The glass, though possibly taken from 
the chantry house, was at some period complete, representing 
the agricultural operations of the twelve months of the year; 
whereas the other subjects represented the ordinances of the 
ancient church. This portion was in the possession of the Rev. 
R. Stephens, at the Vicarage, Belgrave, near Leicester. 

Mr. Hits said he had not seen the other specimens of glass, 
and when described to him they appeared as all one with that at 
the Town-hall This he must have misunderstood. 

Mr. Norts said that the local histories told them that the 
Corpus Christi guild was held at the east end of Bt. Martin's 
Chureb, where the public-house now stood. 

Mr. Hia said this was manifestly a mistake. It was said that 
the mayor and corporation met in the hall of Corpus Christi; and 
again, on the final sale of the roperty, in the reign of Queen 
Elizabeth, 1563, the deed called ; it “all that co —a i 
name—*" situate and being near the cemetery of St. Martin's, in 
the town of Leicester, in the county aforesaid, now or lately in 
the occupation ofthe mayor and burgesses of Leicester, and 
formerly the guild of Corpus Christi." 
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PAPERS ON HYDRAULIC ENGINEERING.* 
By SAMvEL McErnor, C.E. 


Tas general theory of embankment reservoir construction pre- 
sented involves a certain chain of details, each connected with 
and to a certain extent dependent on the other. The basis of 
the structure on which the Maperineumpeut weight is placed must 
be firm, the banks must be built so as to guard against settle- 
ments and slides, the puddlings must be compact and solid, or 
the slope walls and top angles will lose their lines of symmotry, 
and to some extent their usefulness. 

This brings us toa theory which does not seem to be as fully 
admitted and promulgated as is desirable—viz, that correct engi- 
neering science ought to be able so to erect and join together 
these several links of the chain, that the proper result may be 
obtained as a rule, bringing failures within the class of exceptions. 
In other wurds, that as to this special department of construction, 
as in others contingent on the same law of design and execution, 
engineering ought to take rank as a profession endowed with 
control of exact results, and not as a calling which naturally dis- 
claims infallibility. Without denying then the argument, that 
each distinct construction is subject to local peculiarities of 
material, we assert the doctrine, that the workmanship should 
overrule and insure their proper combination. To build any 
engineering structure with an implied reservation for defects in 
its progress or use, is a custom to be distinctly condemned. 
While we do not therefore propose here to give any rules for uni- 
versal application, some allusion to methods which have secured 
satisfactory results will illustrate in a brief way some of the links 
in this chain of construction, as applied to embankment reservoirs 
with artificial slopes, and without regard to mathematical ques- 
tions of stability in form. 

Earthwork.—It rarely happens that a reservoir is so located 
as to require an embanked base for the whole structure; 
there is a case at Cleveland, and it certainly requires great care 
in formation, although a uniform settlement after the water is 
introduced may obviate any injurious effects realised when 
such settlement is not uniform. Here the general rules for 
the embankment walls also apply, which may be thus stated: — 

All vegetable soil should [e carefully removed from the pro- 
posed base of the embankment, nor should the foot of a slope be 
carried over spongy and compressible material. Where work is 
m in embankment and partly in excavation, it is best to 

uild the heaviest banks first, so asto give them time for their 
additional settlement. 

The section of the bank should be carried up entire, and not 
bisected by walls or pyramids of other material. 

For the outer slope inclination, tho sharpness in rate may be 
varied with clay, gravel, and sand in thoir order, flat slopes being 
relatively objectionable. 

For the outer slope there are some advantages in the use of 
sodding, but ipu d properly done will answer the purposes of 
protection from wash, &c. 

The top should have a drip from the inner angle towards 
the outer, and the former should be protected by coping; for the 
other, the sod line should be returned on the top from the slope. 

No banks should be built with a heavy dump, but in thin level 
layers, somewhat modified in thickness to suit the material, —for 
gravelly earth about nine inches, less for clay, more for sand. 
Unless the “lead” is 80 great as to require the use of teams, carta 
are better for consolidating the layers. Water is objectionable 
for clay, of no uso for gravel, though beneficial for sand. Rollers 
are also objectionable for both the former. In a case of a gravel 
embankment partly constructed with the use of water and rollers, 
I have found distinct water seams formed between each layer, 
which would operate badly under a reservoir head. In a case at 
Ridgewood Reservoir, whereit was necessary in the winter to cut 
through part of an artificial bank, and to use gunpowder in 
blasting on account of its solidity, the smoke was observed to 
follow these seams for several feet on each side of the cut. 

In side and end filling on slopes, benches should be cut. All 
slopes should be crowded or over-filled, so as to trim down to form, 
when the face is to be finished for protection from the weather, 
and thus obviate the effects of wash. 

No slope lining should be built on the inner slopes until experi- 
ment has shown that their settlement is complete, a result which 
can be determined with proper care. 


* Continued from page 275. 
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The inner slopes must be protected from contact with the 
reservoir contenta, by water-tight facing. 

Walls ot masonry, as far as possible, should not be connected 
with the banks until the latter have come to their bearing; and 
water pipes leading from them should be protected, by arches or 
otherwise, from the effects of settlement by their back-fill 

These are some of the prominent processes in construction 
which insure stability. Questions of stability are so fully guarded 
by the ordinary conditions of section, which are controlled by con- 
venience of top bank width and slope angle, as to need no di 
sion. The principal defects are settlements after final construc 
tion of slope walls, slides, and leakage, and these may be obviated 
on smaller sections than convenience and effect suggest, For the 
enormous thrust of the water priam, the counteracting weight of 
the section is modified by ita form and its material; sand, gravel, 
and clay having relative weights per cubic foot of 95, 124, and 
165 pounds, as compared with water at its maximum weight af 
62:382* pounds, and being therefore largely in excess. 

Puddling.—A. mixture of clay and gravelly earth is better than 
pure clay. What is known as *hard-pan" is a specimen of natural 
puddling. At Ridgewood, in making 82,150 yards, 44,000 of clay 
and 51,500 of gravel were used, the shrinkage being about 14 per 
cent. The materials were carted or wheeled on in thin alternate 
layers, to an aggregate depth which would work down to about 
8 inches for each general layer, gangs of men being employed in 
spading and mixing them. As little water was used as possible, 
to prevent the effect of subsequent shrink by evaporation. 
Some engineers make their puddling entirely dry, preferring 
material which will work close, and their theory is undoubtedly 
correct, as to the prevention of settlement and fissures. But 
gravel is always an improvement in mixture, and in certain forms 
of puddle wai they may be more advantageously worked with a 
limited use of water. The object is to obtain a compact imper- 
vious, homogeneous mass, not only to prevent filtration, but to 
distribute weight uniformly over the sustaining slope or bottom 
earthwork. 

It isa difficult matter to make puddling tight at the joints, 
when connected with other materials, and uent breaks in the 
joint surface are therefore advisable; nor is it easy to make a 
water joint on wood, in connecting with sheet piling or flooring. 
On division banks, at gate-houses, the masonry backing shou 
be built with buttresses, and the faces left rough to take the 
puddls walls, and prevent continuous threads of water under 


ressure, 

5 Slope puddling is to be preferred to vertical inner bank walls, 
on the ground of economy in material, ease of access, prevention 
of bank saturation and its resulta, facility of construction, preserva- 
tion of bank-sectiou, and distribution of pressure; and in all cases it 
Should be connected with the bottom eem the latter (or ita 
equivalent) being assumed indispensable. It will be found in lay- 
ing it, that some compression of the bank face occurs, though not 
large, which should accomplished before the cement masonry 
is built. 

Concrete.—This, as lining, may be made to serve two important 
purposes: une, in being carried up with the slope puddling, asa 
protection to its face from wash while coming to its ings; and 
another, as an additional means of. tightness, and a break line of 
surface to the courses of face masonry, whether of brick or stone. 
It may be made in a thin layer, and should be carefully prepared 
with fresh hydraulic cement mortar. 

In the use of concrete for the various purposes to which it is 
admirably adapted, it is sometimes forgotten that it is only, after 
all, an improvement on ordinary masonry in convenience of 
application; and, as to its proportion of cement mortar, ought to 
be governed by the same rule,—viz., that weight is to be resisted 
by the pressure of face upon face, and the chief object of mortar 
is to fil up crevices and irregularities, and distribute uniformly 
the load over the surfaces in contact. Consequently, in concrete, 
no more mortar should be used than will properly fill up the 
interspaces of gravel and stone. This applies more particularly 
to foundations, as in thin slope lining a cement face is notat 
objectionable. A certain proportion of screened vel with 
the basis of broken stone, is an improvement in filling up more 
completely the openings. In an extensive use of concrete at 
the Brooklyn Navy Yard, five of broken stone with two 
of gravel made, when properly added to the mortar, a very solid 
mass, 


* Instead of 62°6 as commonly assumed, 
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Brickwork.—The first care in brick masonry is that of proper 
selection. Very little attention is paid to the process of mauu- 
facture at the yards which is open to objection as to the material 
and the burning. If the clay is charged with an efflorescent salt, 
which will appear after the masonry is laid, and frequently spalls 
off of the face, the work is injured; and from the rudeness 
with which the kilns are built and burned, part of the bricks are 
vitrified and spoiled, part well burned, and the rest, half or less 
than half baked. Until these defects are more carefully guarded, 
as they can and should be, great precaution is needed in inspec- 
tion. The second care is that of mason work. Here it is requisite 
to have the bricks properly moistened, to prevent the effects of too 
rapid absorption on the mortar, which should be carefully mixed, 
and laid with close joints. Brick-work is injured fur hydraulic 
purposes by want of attention to this point, and the joints fail 
after short exposure, with a bad effect on appearance, tightness, 
and durability. With proper attention, however, in selection and 
construction, a comparatively light brick wall can be made much 
more tight, with much more symmetrical and ornamental ap- 
pearance, than rubble work. 

In face work of structures there is considerable range of cost 
and ornament in the use of pressed bricks and close putty joints. 
In work which requires the use of arches to sustain weight, or for 
appearance sake, the use of moulded arch bricks—or for plainer 
work, of alternate “headers” and “stretchers”—ought to be main- 
tained, since a “ rowlock" arch has neither beauty nor strength; 
and in all cases where the stability of the arch is important, the 
centres should be struck as soon as the keys are driven home, to 
bring each member to its bearing, and expose any weak points 
before the backing is carried up to any height. 

Stone Masonry.—For ordinary rubble work, in which “ bank” 
stone or quarry stone are , the least thickness which can 
be conveniently worked is about sixteen inches on slope lining. 
In point of quality, as a general rule, the former, having 
come down to us through the action of floods and time 
exposure, as water-worn boulders, are to be prefered; although 
defective bouldera as well as defective quarry stone are not 
uncommon. This is a matter of inspection, selection, and relative 
cost in special localities, certain classes of quarried stone being of 
course unexceptionable, 

The objection to the use of rabble masonry lies partly as to ita 
rough appearance, and partly as to the difficulty of teaching 
masons to make close and solid work, the craft being, aa a rule, 
strongly disposed to work with wet and soft mortar, and to 
neglect the proper use of spalls, whence follow, in too many 
instances, the usual building and wall settlements and fissures; 
for if the walls were themselves solidly jointed, the foundations, 
with ordinary care, would be more evenly pressed. This assumes, 
of course, the use of due precaution in foundations for a broad 

and uniform bearing, fully guarded against the contingency of 
water threads, by puddling or concrete with sheet piling, as the 
special case may require. 

The use of dry stone walls, in rabble work, for reservoir slopes 
is unequivocally condemned, the mass of testimony against them 
being conclusive, with the ordinary thicknesses in practice. Nor 
is their economy in first cost a matter of very positive demonstra- 
tion. Their bedeare continually exposed to undermining by rain 
wash while building, and to wave wash while in use, and the 
walls to injurious effects from frost and otherwise. 

For other kinds of stone masonry which pertain rather to super- 
structure, we need only refer to well known principles and 
methods in use, without special designation. The same principle 
of jointing and construction controls them. 

or is this brief memorandum intended to cover all the pointa 
to be considered in these parts of reservoir workmanship, but 
rather as allusions to certain details in method, which are some- 
times overlooked, and which tend to produce and insure desirable 
results without much additional cost. A few words also in 
reference to general plan of structure will conolude this branch 
of our subject. 
|. Division Walls.—For gira of cleansing, repair, subsidence, 
gration, circulation, and their attendant benefits, and for reduc- 
tion of areas exposed to surface waves, it is always desirable to 
build reservoirs with one or more division walls. No reservoir 
ean be considered complete with less than one, and with water 
which requires much care, the number may be increased with 

t advantage. The several divisions of the Fairmount Reser- 
voirs, at Philadelphia, may be instanced as an evidence of the 
manner in which impure water may be much improved; and a 
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recent report on the Delaware Reservoir at the same city shows 
that the deposit is about one inch per month, as a comment on 
subsidence and surface supply. Itis customary in some instances 
to build these division walls below the ordinary flow line; but 
while this may accomplish a certain use of surface supply, it is 
open to the objection of exposed area, which becomes serious in 
the case of large sheets of water. The heads of these submerged 
walls are also subject to the action of breakers, in a different man- 
ner from that due to slope wash. 

Connecting Weirs are therefore preferable, arranged with a gate 
pier, and with gates which open downwards from the surface in 
Alternate positions, for a given depth. Pipes may be built across 
the foot of the division wall for bottom drainage at any time. 
With weirs of this kind, which are readily built, and which can be 
managed at will, a very complete and desirable control may be 
had over the contents of the separate divisions, and a positive 
supply of the purest water secured. 

Gate Houses may be also arranged so as to secure the general 

rinciples of action discussed. For gravitation supplies, the 
influent chamber may be arranged for the top bank, with suitable 
descending channels; but for pumping supplies, it should permit 
an accommodation, by a proper gate pier, of the engine load either 
to the flow-line head or that of the actual reservoir level. ` By 
this means, if the engine be properly designed and managed, in 
many cases a very important saving may be made in annual cost 
of pumping. 
or effluent chambers, it may be assumed as a rule that the gate 
piers should be so arranged as to take only a surface supply at 
all times for domestic and public use, and to waste occasionally 
the bottom strata by suitable blow-offs. Too much importance 
cannot be attached to this law, which involves the comfort 
and health of the consumers to no small extent, and the reputa- 
tion of the supply. 

Depth of Water is also important, in preventing solar action on 
its contents. It seems to be the European experience, that less 
than ten feet is always objectionable, and it will be observed from 
our preceding papers that twice this depth is the common 
American standard. If this consideration obtains with distribu- 
ting reservoirs, it should be urged with greater force on all 
fountain or supply reservoirs, which are generally natural lakes, 
of great area and shallow depth, constantly subject to impregnation 
by vegetable and other organic matter and all the results of fer- 
mentation. Especially is it objectionable that supply reservoirs 
should contain a large disproportion of contents to daily supply, 
unless prompt and efficient means of ration, circulation, and 
bottom waste are provided. 

These general and rapid suggestions are made, not as a profes- 
sional dictum, but as the results of experimental science in & 
direction which needs yet more enlarged observation and trial. 
Water works with us are yet iu their infancy in an important 
sense, and are exceptions throughout the country rather than a 
general rule, and several of our most prominent supplies already 
warn their consumers of the necessity of early steps for an entire 
recoustruction and enlargement. Discussions of this kind are 
therefore desirable, and the best results of experience ought to 
be embodied in general rules of practice, similar in method, if not 
in detail, to those presented for consideration. 

(To be continued.) 


THE ANNUAL REPORT AND TRANSACTIONS OF THE 
ROYAL INSTITUTE OF BRITISH ARCHITECTS. 


ALTHOUGH the year of the Institute is considered to commence 
and terminate in May, and the Report of the last completed 
session is consequently the one which was read before the Annual 
General Meeting in May last, almost five months ago, and extends 
only to that date, yet it is but just now that it is issued to mem- 
bers, an arrangement which deprives it of much of its value. 

We learn from this document that the number of members has 
continued steadily to increase, having risen within the last ten 
years from 225 to 348, an addition of more than 50 per cent., and 
as by far the larger increase has taken place in the number of 
Fellows, who must be architects of at least seven years' standing, 
these numbers show that the Institute is receiving accessions of 
established architects to an important extent. 

The losses by death which have been experienced include the 
Prince Consort, who had been connected with the Institute in the 
honorary character of Patron, Mesars, Lochner and Clayton, 
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Professor Eaton Hodgkinson, Mr. W. L. Donaldson, late Honorary 
Solicitor, and two foreign architecte, honorary and corresponding 
members, Herr Zwirner and Monsieur Brunet de Baines. 

The most important paragraphs of the Report, referring to 
matters probably of more moment than any which have, since 
the first establishment of the Institute, been decided upon, are 
thus indicated :—'* The Council may congratulate the members 
on the nearly approaching settlement of two questions which 
have occupied their attention for a considerable time, namely, the 
Ruleson Professional Practice and the Architectural Examination.” 

The reports of committees on both these subjects, adopted 
since the date of this Report, have been embodied in our columns, 
and it is therefore unnecessary to dwell upon them here, further 
than to remark that, as tending to raise the ition of the pro- 
fession generally, we consider the measures taken most important 
and most creditable to the Institute, which by directing its atten- 
tion to such subjects is fulfilling the most valuable function 
belonging to it. 

The action very properly taken by theInstitute with regard to 
the Thames Embankment ia referred to; and a series of sugges- 
tione, which were addressed by it to Mr. Cowper in his official 
capacity, having for their object the securing due attention to 
architectural effect in so important a public work, is appended. 

The exertions of the Institute with regard to the representa- 
tion of architecture at the International Exhibition,—the state 
of the library,—the portrait of Mr. Cockerell,—the memorial of 
Sir Charles Barry,—the appointment of a committee on the con- 
servation of ancient monuments,—the conversazione,—the ex- 
amination of candidates for district surveyorship certificates,-— 
the retirement of the late active and energetic secretaries, and 
the suggestion that the day is shortly coming when a paid secre- 
tary wil be necessary, are all referred to; and the mere enume- 
ration of these varied subjecta shows how much has occupied the 
attention of the council during the past session. The pens int 
we regret is the smallness of the amount which it was found 
possible to devote to the increase of the library, and the very 
moderate number of books presented as donations: a sum of 
£100 is however voted for books, to be purchased during the pre- 
sent session. 

The only other subject demanding notice is that of prizes, a 
most attractive array of which was offered, including the Insti- 
tute medals for essays and drawings,—the Soane medallion,— 
Mr. Cockerell's prize, —Mr. Tite’a prize,—and the students’ prize 
of books. The result appears however to have been rather dis- 
appointiug, as in two cases the prize was not adjudged owing to 
the want of merit in the drawings and essay; while, in a third 
instance, a similar fate was narrowly escaped. Mr. Cockerell’s 
prize seems however to have provoked a brisk competition: this 
prize does not seem to be again offered; but one of ten guineas for 
the best design for a civic or domestic building in a Medieval 
style, given by Sir F. Scott, seems likely to attract many students; 
and so we hope will a prize for an essay on moulded bricks or 
terra-cotta, which is announced. 

The volume of papers read accompanies the Report, and includes 
several papers of value which bave already appeared in this 
Journal Itis not quite so elegant in appearance as the previous 
volume, being less fully illustrated by engravings, but with this 
exception it seems to keep up the character of the Transactions 
for excellence and interest. 


— eo 


IRON PIERS FOR RAILWAY BRIDGES IN ALLUVIAL 
DISTRICTS. 


{ Continued from page 270.) 

As it is considered that uniformity of parta, as far as practicable, 
is of as great importance in bridge work as in other mechanical 
structures, a uniform span of 60 feet is adopted for all the iron 
bridges on the Bombay and Baroda line, this being considered the 
most economical in reference to the general heights of the piera. 
One end of each girder is fixed on the pier, while the other end is 
left free to move, and carried on a pair of small rollers C, Fig. 9, 
to allow of expansion and contraction. Tho weight of the 
entire 60 feet superstructure for a single line of rails is 24 ton, 
being 8 cwt. per foot run, and the cost is about £400. In the 
construction of piers adopted for inland rivers with deep water, 
_ Bay 20 to 50 feet deep, but not tidal, where the current is always 
in one direction only, here the oblique piles acting as struts are 
required only on the lower side of the bridge, and the timber 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL 


[Oct. 2, 1963 


fenders only on the upper side. In the case of piers for inland 
rivers with shallow water of not more than 20 feet depth, the 
oblique piles can be dispensed with altogether. "Where there is 
& rock foundation, the screws are omitted, and the piles are 
simply let into the rock about 3 feet and filled round with cement, 
allowing of great rapidity of erection in this case. The position 
of the roadway may be either between the main girders, or upon 
tbe top of them, both of which methods are shown in the single 
diagram, Fig. 1. The upper position is preferable for the posd- 
way, because it combines the effect of both the main girders in 
resisting forces that tend to produce buckling of the oompreasion 
beams. The upper or lower position of the roadway however is 
decided by the amount of headway under the bridge, or the 
Clearance between the bridge superstructure and tbe higbest 
known flood level of the river, which should not be less than 
5 feet. In every case the power of the compression beams to 
resist buckling is made ample, and a horizontal diagonal braci 
of T iron is provided between the cross girders carrying the 
ways as shown in the plan, Fig. 7, continued from pier to piers 
and where the roadway is on the top of tho main girders, oblique 
sy are added, as shown in Fig. l, to secure the requisite 
stability and freedom from vibration in the roadway and girders. 
The use of animal power was ado in screwing down 
the piles at the great Nerbudda bridge, where a large part 
of the river bed is uncovered at low water, and it is only in 
such situations that animal power has been made available direct 
by means of a long lever. e general practice has been, where 
the foundations are not always under water, to hoist the piles 
into the proper position by shear legs, and hold them in this poai- 
tion by guides whilst they are screwed into the ground by a crab 
winch acting on the end of the lever; but where the ground is 
always covered with water a staging has been erected on timber 
piles surrounding the site of the pier. Latterly the principle of 
oating rafts has been successfully adopted instead of fixed 


ux A 

f the piers nearly half were supplied by the Horseley Iron 
Co., Tipton, and the rest by the Victoria Iron Co., Derby. There 
is always a difficulty in carrying cast-iron safely across the sea, 
from the great risk of breakage in shipment and in conveyance by 
land, as well as the chance of disasters at sea; but in the case be- 
fore us altogether only about 5 per cent. of losa from all causes in 
the cast-iron work occurred, which is a smaller proportion than 
usual in similar cases. The first part of the superstructure was 
made by Messrs. Kennard at Crumlin; but the ter portion by 
Mesars, Westwood, Bailey and Campbell, London Yard, Iale of 
Dogs. For the erection of the work in India the engineers and 
foremen alone were sent out from England, and the other 
workmen employed were natives: Colonel Kennedy states that 
the natives make good workmen in a very short time and then 
get on rapidly. As a consequence of the additional employment, 
the price of labour has been doubled by the railway works 
throughout the district traversed by the line. 

The practice of cutting down the dimenaions too fine in such 
structures is to be avoided, and a liberal margin ought to be left 
beyond the calculated strength, to allow for strains which oould 
not be taken account of with the same acon: as simple trans- 
verse and longitudinal strains. Buokling is a frequent source of 
extra strain, particularly where there is any considerable depth 
of girder, and is therefore required to be carefully provided against 
by increasing the size of the sections and arranging the iron in 
such a form as would enable it best to resist buckling under com 
pression. In the girdera employed, all the bars subject to com- 


pression were made of a cross shape in section, as shown by the illus- 
trations (Figs. 10 to 16, Pl. 19); and the t strain either of 
tension or compreseion on any part of the gi amounted to 


only 3j tons sq. inch under the heaviest practical load. The 
greatest longitudinal motion observed in 24 hours amounted to 
Hie in one spanof 60 feet. In the dimenaionsof the girders gre 

owance was made to provide against buckling and the strains 
produced by concussions, and there were only a few places 
at which the straiu ever came up to the maximum of 3$ tons pe 
square inch, while everywhere else it was much below 
amount; so that the strains never approached the elastic limit of 

e iron. 

The pile lengths were east vertically, and the joints were 
roin cast with sufficient accuracy to go together vio 

tting; but where necessary they were chipped to a level face, 

care was taken to insure a uniform thickness of metal throughout 
the flanges. Every piece of the ironwork was dipped when hot 
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in a bath of linseed oil, and had afterwards two coats of good oil 
paint. After erection freqnent and thorough painting are 
relied upon for keeping the iron from rusting. From an examina- 
tion of several old iron structures it has been found that the cast- 
iron generally stood well, but the wrought-iron shows evidences 
of corrosion after it has been up about 20 years, and it could 
never be relied on unless frequently painted or otherwise pro- 
tected. The prevention of iron from rusting is a question of 
general importance, and every encouragement should be given to 
investigation of the snbject, with a view to obtaining some really 
permasat protection. It is clear that even with its present 
iability to oxidation iron is decidedly the cheapest material for 
large bridges in general, particularly in alluvial districte: but ita 
durability and renewal are dependent mainly on its thorough 
protection from oxidation. The object to be sought is not simp I 
to secure the best protection out of a number of modes, of whic 
all may be defective; but to arrive at an absolute means of preser- 
vation, if that be possible. 

Tar has proved a very effeotive mnterial for preserving the 
bottoms of iron ships from rusting, and is applied also inside 
vessels. On the Clyde large ships of 2000 or 3000 tons burden 
are protected inside with a coat of varnish made from purified 
coal tar, which is found a very efficient protection. A clean sur- 
face of the iron for laving on the varnish is all that is required, 
and it has a fine polish; the coat lasts 7 or 8 years when protected 
by a lining of woodwork in front. The varnish may be laid on 
cold, and the smell is all gone in a few days; the cost is much leas 
than red lead paint. This plan has also been applied to the inside 
of steam boilers, where the uptake from the furnace passes 
through the steam room of the boiler, and it prevents oxidation 
and scaling of the iron from the action of the steam for a long 
pron it ought therefore to be suitable for such structures as the 

ridges described. 

The lower lengths of the piles are filled with concrete, 
which renders them solid inside, so that each pile stands on 
a solid foundation of 4à feet diameter. Much accuracy was 
required in getting the piles correct in level: this was managed 
by screwing them down a little further if necessary; and 
as there are four lugs at each end of the several lengths for 
attaching the diagonal bracing, the level could be adjusted to 
one quarter of a revolution of the screw. Where the piles 
stood on a rock foundation a piece of the required length 
was cut off the bottom of the lowest length, leaving the flange at 
top for bolting to the next length; or else the rock was cut away 
deeper to get the proper level. A few cases occurred of a pile 
being broken in screwing down, and it was then very difficult to 
get the screw out again; this was one of the chief difficulties that 
had been met with in erecting the bridges. At the Nerbudda 
bridge the sudden abandonment of the work. caused by an out- 
break of cholera and followed by monsoon floods, left some single 
piles unsupported, which were broken; and one or two of these 
could not got out again, so that it became necessary to alter 
the spans in two cases, selecting fresh sites for the piers in order 
to get clear of the broken piles. Rapidity of fixing is of special 
importance in India, for on account of floods and storms the 
working year for such operations can be reckoned at only about 
eight months; and the facility of erection with this construction of 
piers and superstructure is so t that by beginning at both 
ends at the same time they could now bridge the broadest river 
in a single season. 


ae 


THE ANCIENT CHURCH IN DOVER CASTLE. 


Ay almost unrivalled interest attaches to this edifice on various 
accounts, but more particularly from its antiquarian history, and 
the more or less perfect developments of primitive architecture in 
this country which its ruins exhibited, and which have been 

: rendered still more abundant and curious in consequence of the 

additional discoveries brought to light during its recent restora- 
tion and refitting in order to be again used for the purposes of a 
church. "These restorations were commenced nay two years 
and a half ago, and have been most conscientiously pursued under 
the direction of Mr. Scott, assisted by the vigilant superintend- 
ance of Mr. J. N. Marshall, the clerk of the works. 

The church is situate within the castle walls, on a lofty cliff, 
and close to the ancient pharos, or lighthouse, which has been 
often depicted in elucidating the characteristics of Romanesque 
architecture, and of which a woodcut may be seen in our journal 
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for July 1858. See Bloxam's ‘Gothic Architecture’ (Reviews). 
The date of the latter is surmised to be early in the second 
century; and the use of the building was to guide the Roman 
ileya across the strait. The material employed is a casing of 
ints and tufa, in blocks about 12 inches by 7 inches, strengthened 
with bonding courses in large Roman tiles, and filled up with 
stones and mortar. Originally it had on the east side an arched 
door, on the other sides Roman windows 13 feet 6 inches by 4 feet, 
which Bishop Gundulph blocked up and reduced into Norman 
loopholes. Without pursuing the history of this pbaros any 
further, we may remark that the doorway just mentioned com- 
municated with the west end of the fabric which it is our purpose 
now more minutely to describe. 

This church is considered by Mr. Scott to be gere the most 
entire (as to ita general outline at least) among all the pre-Norman 
remains which have come down to us: for though till recently a 
ruin, it retained the general form of nave, transept, and central 
tower so completely, that one felt that its entire design could with 
little difficulty be reproduced. Though the subject of ita history 
has provoked much discnssion, there can be no question as to its 
belonging to that variety of Romanesque architecture which we 
know prevailed in this country prior to the Norman conquest; 
but whether the fabric is /ate or early Saxon is not so certain. It 
is known that in the seventh century (616—40) King Idbald 
founded a college of secular canons iu this place to minister to 
the garrison. The combination of military with ecclesiastical 
structures within one inclosure occurs also at Porchester, Exeter, 
in the Tower of London, and in the curious instance of 
St. Germain's Cathedral, and Peel Castle in the Isle of Man. 
The decay of the church and its disuse may be fairly attributed 
to the latter end of the seventeenth century, and ite subsequent 
injuries to the carelessness of the Board of Ordnance. In 1635 
the church and its monuments were in complete repair; but it 
has since been repeatedly threatened with complete demolition. 
Jt was not till 1855 that Lord Panmure, then at the head of the 
War Department, promised that it should be cleared of coals(!) and 
kept more decently and respected for the future. These orders, 
however, if issued, were not destined then to be carried into 
effect. 

Of authors who have more or less described the building, we 
may quote Essex, Rickman, and Bloxam. In the MSS. of the 
former, reference is made to the materials as consisting chiefly of 
ragstone and brick, aud of the arches to the middle tower, which 
have undergone several alterations, "particularly the addition of 
stonework,” and which originally “seem about the time of 
Henry III, or the earliest in the time of King Stephen.” 

The nave is externally about 62 feet long by 34 feet wide; the 
chancel about 27 feet long by 25 feet wide. e transepts each 
above 22 feet long by 20 feet wide, and the tower about 35 feet 
by 33 feet 6 inches. The walls of the church generally are about 
32 feet high, and those of the tower remain to a height of about 
70 feet. We extract the following, as part of a description written 
a few years ago:— 

** The church is cruciform. On either side the nave are the remains 
of two clerestory windows of great size: between those on the south side 
was a door, circular headed, with double arches of tile: underneath the 
west window, on the north side, was a more pointed door, and beneath 
an acute-angled pediment the weather-moulding of a porch, the principal 
entrance. Two round windows were in the gable of the north transept ; 
one was in that of the south wing; in the east and west walls of the 
former was a trefoiled lancet-window. In the west wall of the south 
transept was a round-headed window, and in the north-west is a late 
Tudor window of three lights. In the south wall of the nave appear 
two huge indenta, which in some old prints are erroneously fashioned 
into windows, but are evidently the effect of a design to destroy the 
entire edifice by gunpowder. The choir was lighted by two lancet- 
windows, separated by a shaft with a simple capital on either side: the 
east window (perhaps a triplet) was 13 feet 8 inches in width, and the 
splay is 2 feet 3 inches wide: on the south side remain a bracket piscina 
and sedilia, Early English. A covered porch unites the nave to the 
pharos. an Mie anglon of the towar aro ee ee 
the springers and ribs of arches are with a dog-tooth moulding. 
On the east face (of the tower) were two round windows; on the south 
two pairs, of the same form; and on the north three, disposed in an 
inverted triangle. On every side was a round-headed window, opening 
below the roof into the church, and forming an internal lantern, above 
which were two stories, the uppermost lighted by two small windows, a 
pair on every face, and of pointed form, probably added when the second 
roof was added. A round-headed window is in the west wall of the nave. 
The choir-arch is 12 feet wide; the transept arches each 17 feet; and 
that of the nave 15 feet. There are three tiers of weather-mouldings on 
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the west side of the tower, apparently indicating that tbe first roof was of 
slight pitch, the seoond high and steep, when three windows of corre- 
sponding date were added on each side of the nave, above the ancient 
windows; and, subsequently, a third roof, more depressed, was added. 
In re old views of the church the cills of these windows are plainly 
marked." 


Of the three great classes of architectural features, the door- 
ways, the windows, and the arches supporting the tower—all 
possess characteristics distinctively Saxon. The doorways, instead 
of having recesses or orders externally, and the door being hung 
in some plane within the thickness ob the wall, have their open- 
ings cut straight through the wall with perfectly flat and unre- 
lieved sides, the door itself being hung against its inner face, upon 
hinges projecting into the church. The openings in the tower are 
in this respect treated rather as doors than windows. The 
windows proper have a rough splay of brick, nearly equal and 
similar within and without, and meeting near the centre of the 
wall in a groove which contained a wood frame; the cill was 
similarly splayed, and was plastered. Several of the windows 
added to the above a most remarkable feature ; their heads, instead 
of being arched, were square, and were covered over with oak 
lintels, which assumed the same splayed form both within and 
without as the rest of the window. These lintels had perished, 
but the exact impression of their ends was left in the mortar, 
showing almost the very grain of the wood. 

The arches of the tower (of which the eastern and the western 
are the only original ones) are formed in the manner which is so 
frequent in and so characteristic of Saxon work. They have near 
eitherjamb a brick pilaster, which, instead of stopping atthe spring- 
ing of the arch, is continued round it. This is almost entirely of 
brick, as in fact are the majority of the architectural parte. The 
imposta are, however, of stone, and singularly moulded. The ex- 
ternal quoins are partly of stone and partly of brick, the former 
being bonded on the “long-and-short” principle peculiar to 
Saxon work, that is to say, an upright stone alternating with a 
flat stone bonding into both of the wall faces. The door jambe 
seem to have been somewhat similar in construction, having flat 
stones on edge forming the sides of the opening, and flat stones 
laid horizontally upon them. 

The church underwent considerable alterations (as already 
stated) about the close of the twelfth century, These alterations 
consisted, firstly, in the change of the whole internal character of 
the chancel into Early Pointed, by adding vaulting, inserting 
lancet windows in the sides and east end, and an elegant Early 
English sedile; secoudly, of the vaulting of the space below the 
tower, and the formation of pointed arches on the north and 
south sides of that space; and thirdly, of the insertion of a fine 
pointed doorway (and apparently a porch) on the north side of 
the nave. The character of the oh Sarna at this period 
is eapecially fine; and it is pretty evident, on comparing it with 
the beautiful porch and chapel to the keep of the castle, that it 
was the work of the same architect: for, though the latter has 
generally round arches and has some Norman decorations, the 
details of the two are so much alike as to show the same hand, 
while both bear considerable resemblance to those of the second 
architect of Canterbury Cathedral. The Norman choir of the 
litter having been burnt in 1174, a French architect—kuown as 
“William de Sens"—was engaged for ita restoration; and he, 
having been obliged after some years to relinquish the work, 
was succeeded by an Englishman who had been engaged under 
him, and who is called “ William the Englishman.” To the work 
of this architect the details in question bear the closest simi- 
larity, so that little hesitation can be felt in attributing them 
to him, or to some of. those who had been engaged under his 
direction. 

One very curious circumstance with regard to this work was 
brought to light during the late excavations. Many portions of 
the vaulting ribs of this period were discovered, several of which 
had been formed out of small baluster pillars belonging to the 
Saxon church, one side of which remained quite perfect at the 
back of the Early English rib-moulding. These balusters are 
about 2 feet long, and do not suit any existing part of the church, 

et they are so distinctly Saxon that one canpot doubt that they 
talon ed to it. They are of Caen stone, and have been carefully 
turned in a lathe; the surface, with the marks of the turning-tools, 
being almost as fresh as if new. This latter circumstance makes 
it evident that they could never have been used externally, and 
Mr. Scott thinks it probable that they formed parts of a screen. 
These originals are now in the museum at Dover, but casts have 
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been made and are deposited in the Architectural Museum at 
South Kensington. The doorway of this period on the north 
side of the nave, though some symptoms of it were before visible, 
may almost be said to have been discovered during the late exea- 
vations, for it was not till the earth had been removed to a con- 
siderable depth that its true form was ascertained. The arch 
mouldings and capitals had disappeared, but the full sections of 
the jambe, with the bases, were traced. One of the early couplets 
of the chancel had been altered in the succeeding century into an 
incipient tracery window, with a quatrefoil in its head, and the 
double arch of the interior had been converted into a semicircle. 
It was at first intended to preserve this altered form, but the 
inserted stonework was so ruinous and decayed that it was found 
necessary to take it out; and during the excavations the capital 
of the central shaft was found in a perfect state, with others of its 
details, so that the decision was reversed, and the arch restored 
to its original form. The opposite window had had its external 
features destroyed, but on the south side the jambs remained; and 
one window with another, and with the aid of discovered frag- 
ments, the original forms and details were recovered with entire 
certainty. The capitals of several of the vaulting ribs, &. were 
also found while excavating, and re-used. 

There are also Early English remains of a second period, pro- 
bably some thirty years later than those just described. They 
consist mainly of sedilia, and a piscina in the south-eastern angle 
of the nave, and belonging to an altar which stood inst the 
southern jamb of the tower arch. Each arch of the sedilia had a 
small window-opening in its centre. These were in part dis- 
covered dnring the progress of the work. A little pedestal, pro- 
bably for a figure, was found attached to the jamb and tower- 
arch adjoining, and was refixed where found. The Early English 
work of this second period is distinguishable from that of the 
first period by its having been worked with the claw-tool, whereas 
the olden work bears the marks of the plain chisel. 

In the eastern walls of the transepts were recesses of conside- 
rable width, under pointed arches. In excavating below them were 
found the lower parts of cross walls projecting from them west- 
ward; and, on a careful examination of the arches, evidences 
were discernible of groined vaulting having existed, rendering 
it clear that they were the remains of projecting vaulted canopies, 
or ciboria, for the reception of altars; their date being probably 
coeval with that of the sedilia in the nave. On excavating 
internally, two ancient floor levels were discovered ;—the original 
floor of the Saxon church, and that of the Early English period, 
which was on a little higher level. The latter has been adopted 
for the restored church. That portion of the older floor which 
was under the tower was paved with squared chalk, about siz 
inches thick, laid on concrete, and the bed, similarly prepared, 
was found in other parts. The stone made use of in the Saxon 
portions of the builling is of (at least) three descriptions :—eome 
parts, as for instance the imposts of the tower arches, are of Caen 
8tone; other parts, particularly some of the quoips, are of large 
masses of Kentish rag, such as one sees near Folkestone and 
Hythe. Others, again, are of a very peculiar kind of coarse 
oolite; and it is a singular fact that the same stone has been 
found at St. Mildred's Church at Canterbury, which has been 
supposed by Mr. Hussey to contain old Roman materiala; and 
that the curious pillars from Reculver, which are now put up at 
Canterbury, are also of the same stone. Both these points were 
verified by the clerk of the works. Tufa also exists in the older 
parts of the structure. The wallsare mainly of flint, but the jambs 
and arches of windows, &c. and portions of the quoina, are of 
Roman bricks, some of which are rounded on their edges as if 
they had lain on the beach, and to others portions of Roman 
mortar were found to adhere. 

In clearing out the debris within the walls of the church, at 
the outset of the undertaking, human bones were found in all 
parts, at depths varying from 1 foot to 5 feet in the nave, hat 
8 feet below the surface in the transept, also a leaden coffin 
in the chancel, and a steined chalk grave in the nave. At 
the end of the south transept there was discovered, in forming 
the trench, a singularly-shaped steined grave, formed with hewn 
chalk sides and top, the head or upper part being recised to receive 
the head ; the pas of this work are pretty closely fitted together, 
but no sign of any mortar appears to have been used in their 
construction. In various parts of the old building were found 
fragments of the old red tile, with the old pounded brick mortar 
jambs attached thereto, precisely similar to some of the oM 
mortar used in the ancient pharos adjoining. The foundations 
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of the church are formed mostly of large flint and flat piecea of 
stone at the sets-off, and plinth lines of the green sandstone 
formation, and very hard. This description of stone has been 
ascertained to have been quarried at Saltwood, about eighteen 
miles to the west of Dover. The whole superstructure rests upon 
a very uniform and excellent bottom, formed of very stiff clay 
with a large proportion of flints intermixed. The chalk floor 
extends over the whole area of the tower, but not beyond, except 
on the east side, where it runs one foot into the chancel, and 
finishes off in ^ straight line. The other sides stop against the 
walls under tower arches leading into the transept, the walls of 
which stand about a foot above this level. The floor is formed of 
blocks of hewn chalk, averaging 9 iuches square, 6 inches thick, 
and firmly bedded and jointed in close mortar. No traces of floors 
were found in either transept. 

The course which was followed throughout the restoration bas 
been to preserve every ancient feature which remained in its 
place, to restore to their places all fragments whose original posi- 
tion could be discovered, to leave unrestored those ancient features 
whose restoration was not necessary to the safety or reasonable 
completeness of the building, and to restore others, as nearly as 
evidence would permit, to the old forms, without any attempt to 
disguise what was new, or to render it mistakeable for old work. 
In cases where it was necessary to restore parts formed of Roman 
brick, either a similar brick was employed from the excavations, 
or modern paving tiles, The latter sufficiently harmonise, but 
are at ouce distinguishable. 


— — — 


REVIEWS. 


A Treatise on Ventilation, Natural and Artificial. By RoBERT 
Rurcarg, C.E. London: Lockwood and Co. 1862. 


This work, on a subject which is still open to elucidation, and 
the very rudiments of which are far from being universally 
understood, will be of value both to professional and general 
readers. It is the work ofra practical engineer who has been 
actually and repeatedly employed in the ventilating of buildinga, 
and who has made himself familiar with most, if not all, of the 
methods actually in use, or which have been at various times 
employed. The author states in bis preface, that “the ground- 
work of this book formed the matter of an article for the Cyclo- 

ia of the late Dr. Nichol, Professor of Astronomy in the 
niversity of Glasgow.” This article it seems did not appear in 
that work, on account of want of space; and it was at the sug- 
gestion of the learned editor that it is now published in.its 
present form, enlarged, and extensively illustrated by woodcuts, 

There are here and there defects of style, and the whole work, 
praiseworthy as it is for its candour and impartiality, is a little 
open to the objection that it is more suited for an article iu an 
encyclopedia than for a separate treatise; for while displaying 
the nature of various contrivances, their defects, and their advan- 
tages, it somewhat fails of fulfilling the office of a guide-book to 
those practically engaged in ventilating. A book which should 
show what expedient can be best relied upon under certaiu sets 
of conditions, and shall, in fact, place at the disposal of the 
student the condensed results of a long experience, is still to 
aome extent a desideratum; and though Mr. Ritchie’s book is 
full of iuformation both as to facts and principles, it is hardly 
more of a hand-book to the ventilating engineer thap several 
others already before the public. 

One of the points on which Mr. Ritchie gives a more decided 
expression of opinion than usual with him is the advantage of 
using a current of hot water at a great heat, circulating in Pipes 
of small diameter, for raising the temperature of the air. He 
has certainly dope good service in showing the superior con- 
venience, safety, and efficiency of this mode of exciting a current 

_ in an extraction-shaft. 

** The writer of this work was long ago impressed with the advantages 
that the aystem of high temperature tubes presented for ventilation, — 
seeing the danger that attended placing open fires of any kind at the roofs of 
buildings to extract vitiated air. 1t occurred to him that if an artificial 
heat to a high degree were produced in a small accessible chamber at the 
roof of a building, with hot-water pipes heated by a fire placed at the 
basement of the building, there would not be the same objections to this 
aa to the methods which have been alluded to. 

After various experiments he succeeded in applying the hot-water 
apparatus or artificial concentrated heat at the roof of the Circuit Court- 
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House in Glasgow in 1843, and shortly afterwards at the Police Buildings 


- in Edinburgh. It was found that by this means, not only could a sufficiently 


pren extracting force for the withdrawal of vitiated air from buildings 
obtained, but that the plan was free from all risk of fire, and attended 
with much less trouble in the management than any other plan. It 
required no fire to be kindled at the roof, and was noiseless in ita opera- 
tion, nor was there any risk from it of the producta of combustion finding 
their way into the apartment below, which might happen both with fire 
and with gas. The expense of the great consumption of gas was avoided, 
and there was little trouble in lighting; neither was there the risk of the 
escape of gas nor the liability of burners being affected by strong currents 
of wind. For the method of ventilating with hot water [^ writer 
received a high premium from the Royal Scottish Society of Arts, and 
he haa successfully applied this system to several buildings in Scotland. 

The result of Ad experience has fully proved not only its utility 
and safety, but that the hot-water pipes, even in such exposed situations, 
have stood the test, without any accident, of twelve or more, and many 
of them very severe winters,—and the effect of strong frost has been 
easily guarded against by keeping on a slow fire during its continuance, 
and filling the pipes with water saturated with salt. By recent improve- 
ments the apparatus can be so arranged that the water may be withdrawn 
from the pipes, and these refilled at pleasure. 

In the process here referred to the air is rarefied by being heated to 
about 200° Fahr. in a chamber at the roof, by means of hot water appa- 
ratus. Above this chamber a shaft or ventilating chimney is carried as 
high as conveniently can be, in order to prevent the reflux of the vitiated 
air, ita escape into the atmosphere being aided by means of a turncap, to 
which a large louvre is pted. This cylindrical turncap is made 
of zinc, and revolves by means of & wind vane always turning its pro- 
tected surface towards the wind. The rarefaction or partial vacuum of 
the air in the chamber causes the vitiated air at the ceiling of the apart- 
ment to rush towards it, from which the ascensional current carries the 
foul air into the external atmosphere. It is obvious that by this process 
the ventilating apparatus itself cannot deteriorate the air of the apartment, 
whereas the fumes from a coal fire, or the combustion of gas in the same 
position, would do so. The success, however, of this plan of ventilation 
in a great measure depends upon three points: first, the elevation of the 
shaft or chimney above the heating apparatus, and free escape of the foul 
air into the atmosphere; second, the egress of the vitiated air from the 
room at the ceiling into the hot chamber; and third, the regularity with 
which the heat is maintained.” 

Mr. Ritchie has however neglected to inform us to what 
temperature he raised the 4-inch pipes which formed part of the 
system, but were employed to heat the air of the court; nor has 
he dwelt upon the danger (in employing a system of high-pressure 
ype as a heating system) of injury to the properties of the air. 

is ought to have been here mentioned as a point to be guarded 
against, but the only reference to it is in another part of the 
book, where we learn that Mr. Perkins has invented an arrange- 
meut for modifying the temperature of his pipes. On the general 
question of heating air to excess, Mr. Ritchie has some excellent 
remarks, in which however we do not find any reference to the 
modern discovery of “ozone,” although the questions of dryness 
and of * burnt air" are well and popularly treated. 


** From the preceding observations it wil be apparent that it is the 
degree of temperature to which the air is raised that produces its drying 
or evaporative action;—henoe in producing an artificiAl atmoephere in 
apartments, the degree of moisture to be imparted to it should be in exact 
proportion to the degree of temperature of the airin the apartment; for 
the air may be rendered so dry and greedy inita action, or what is 
termed its capacity for moisture may be so increased, as to render it 
unfit ‘for the healthy respiration of human beings or of plants.’ This 
being generally known and admitted, the author finds it stated in one 
Scientific Journal* that ‘it is not of the smallest importance how the 
increased temperature to the air is given— whether by an air-stove, or by 
an open fire-place, or by steam or hot water pipes; the drying effect is 
exactly the same, and exactly proportioned to the degree of temperature 
to which the air of the apartment is raised." 

Surely there is another element, which comes into action in the effect of 
these different heating mediæ, though the drying effect may be the same, 
which may render them more or less injurious. It is a well-known and 
admitted fact that the atmospheric air in contact with heated surfaces of 
iron undergoes two chemical changes:—First, at a black heat of about 300° 
Fahr., a partial decomposition commencea, hy the burning or scorching of 
the dust mixed with the atmospheric air (visible in the sunbeam), which 
is chiefly composed of animal or vegetable matter;—in the second stage, 
or when the iron reaches a red heat (often visible in stoves. even in day- 
light), say 700° of Fahrenheit, complete decomposition takes place; the 
oxygen is rapidly consumed, forming an oxide on the surface of the metal, 
and the vapours are converted into hydrogen or carburetted hydrogen 
gas. The rarefied air which passes from the stove must be chiefly com- 
posed of nitrogen, and the effluvia arise from the burning of the floating 
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matter. As hydrogen is of itself inodorous, the smell is more likely to 


be produced by the carburetted hydrogen disengaged by passing over the - 


heated iron surface, or by the decomposition of animal matter. To inhale 
such air even for a short time must be highly injurious to the human 
frame. The effect, however, is not generally perceptible, and it is in 
some measure modified by the rarefaction of the air, which partially 
retains it at the upper part of the apartment, while the increased capacity 
for moisture causes the warm air to receive more rapidly back its oxygen, 
and remixes it with atmospheric air. It is incorrect to say that the effect 
of all heating agents is alike. The combustion of coal gas will dry the 
air, but in doing so it injures ite purity by consuming the oxygen and pro- 
ducing carbonic acid gas. In the preparation of artificial attnoepheres, 
stoves are etch the most pernicious in imparting drying pro- 
rties to the air, and hot water is preferable to steampipes* or gas 
eat.” 


It is to be regretted, perhaps, that in a work of which the 
chief merit consists in ita comprehensive review of most existing 
systems, 80 little should be said of the methods adopted on the 

ontinent The much vaunted system of Dr. Van Hecke, and 
that of Messrs. Laurent and Thomas, are indeed mentioned, but 
only as referred to in the ‘Barrack Report, and the ‘Lancet? A 

description, with particulars drawn from personal examina- 
tion, would have enhanced the value of the book exceedingly; 
and it is possible that a careful personal examination of some 
other continental hospitals—especially the well-known one at 
Bordeaux—might bave induced the writer to modify a little the 
views be has expressed on the subject of hospital ventilation. 

Interesting particulars will be found relating to the ventilation 
of mines, ani to the use of the steam-jet and fan as motors; an 
account of some of the many attempts to ventilate the Houses of 
Parliament will also be read with interest, and so will many 
other portious of the work; but we consider that the sections 
describing examples of the author's own practice in ventilation 
are by far the most valuable, and we would have willingly dis- 
pensed with much of the second-hand matter contained in the 
volume to have had those sections enlarged. 

The book is well illustrated with woodcuts and lithographs, 
and is supplied with an efficient table of contents; but au alpha- 
betical index is wanting—and in a book of this character the 
absence of such an index is to be regretted. 


The Mausoleum at Halicarnassus Restored in conformity with the 
recently discovered Remains. By James Fercuseon, F.R.I.B.A. 
London: Murray. 1862. 


A restoration of the ruined tomb of Mausolus at Halicarnassus 
was—like a restoration of the Roman Forum—one of the problems 
which few architectural antiquarians of the Classic school left 
unattempted. With tbe change that has taken place within the 
last half century in the general direction ot architectural studies 
some of the interest of these problems as matters of frequent 
debate has vanished, but enough remains to render the recent 
discovery, on the spot, of remains both of the sculpture and the 
architectural features of the mausoleum, a cause of general satis- 
faction to the learned. That discovery, as is well known, was 
made by an exploring expedition sent out by the British govern- 
ment; and the volume before us, by the author of the well-known 
* Handbook of Architecture, contains & short account of the 
materials for restoration previously existing and of those recently 
added, followed by a detailed statement of Mr. Fergusson’s views 
as tc the use to be made of those materials, together with repre- 
sentations of the monument as he supposes it to have appeared 
when complete. 

After a careful perusal of Mr. Fergusson's treatise we cannot 
say that we feel convinced by his reasoning on all pointe. Where 
the remains on the spot, or the deecriptions in Pliny and other 
writers, fail or disagree, he bas attempted to reconcile descre- 
pancies, or to supply missing links, by an ingenious application of 
& theory of geometrical Peram in Greek architecture, which, 
however ingenious and even probable, is not one universally 
accepts o much, therefore, of the restoration as rests solely 
on this theory must be considered as open to question. The 
theory itself, one of the most interestin rtions of the book, is 
not original, but is that elaborated by Mr. Watkiss Lloyd, after 
a careful study of existing Greek buildings, and so much of it as 
was considered applicable to the subject under consideration is 


* * By an ingenious arrangement Mr. A. W, Perkins of London modifies the tem- 


of bis patent hot-water pipes to any degree by passing the flow-pipes from the 
aao threcgh tanks of cold water” " d p 
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contained in the subjoined seven propositions, * which," observes 
Mr. Fergusson, “ may be considered axiomatic.” 


“The establishment of proportions of low numbers between— 

1. The length and breadth of the basement, either upon its upper or 
lower step, or both. 

2. The breadth of front and full height of the building; in most cases 
also the length of flank and full height. 

3. The length and breadth of any other conspicuous rectangle, such as 
in the present case would be the plans of the cella, of the pyramid, of the 
base or pedestal of the statue. 

4. The division of the grand height of the structure into a pair of well- 
contrasted parta, having a ratio to each other of which the terms differ 
by unity, as 2 to 8, 8 to 4, &o. The further subdivision of these parts is 
effected again by definite proportions, and a favourite scheme here, as 
elsewhere, is for an intermediate section of vertical line to have a simple 
proportion to the joint dimensions of sections above and below it, these 
upper and lower sections being then proportioned independently. Thus in 
the entablature of the Mausoleum the frieze is just half the joint height 
of architrave and cornice; that is, one-third of the height is given to the 
frieze. 

5. The lower diameter of the Ionic column has usually a ratio to the 
upper diameter expressible in low numbers with a difference of unity. In 
the Mausoleum the ratio is 5 to 6, the same as at Priene, In the columns 
at Branchide, which were more than double the height, the difference is 
slighter—viz., 7 to 8. 

6. The height of the column is usually, but by no means invariably, 
commensurable with the lower diameter, or at least semi-diameter, and 
the columns are spaced in one or other of the schemes that supply amm 
metry with their height; that is to say, the height of the column will be 
found invariably to measure off a space laterally that coincides with 
centre and centre of columns, centre and margin, or margin and margin 
of the foot of the shaft or base. This symmetry was of more importance 
than the commensurability of height by diameter. 

7. In the architecture of temples, at least, the height either of the ahaft 
or of the full column compares with the complementary height of the 
order, or of the front, in a ratio of which the terms differ by unity, and 
the larger term pertains to the columns. For example, the height of the 
Parthenon column is two out of three into which the full height of 
the order at the flank of the temple is divisible; the remaining part being 
divided between the entablature and the steps.” 


We cannot here follow the ingenious application of these prin- 
ciples made by Mr. Fergusson, but the reader interested in such 
matters will find much pleasure in doing so; and whether he 
agrees entirely with it or not, he will admit tbat the (eth 
representations of the restoration have much elegance and beauty. 
The work is creditably got up in every respect, is not too large, 
and well titted to find a place on the library table of every anti- 
quarian and architect. 


On Heat in its relations to Water and Steam; embracing New 
Views on Vaporisation, Condensation, and Explosions. By C. 
Wye WiLLiAMs, A.LC.E. Second Edition. Longman & Co. 

(Concluded from page 244.) 

Resuming our notice of this work, we find the subject of 
the jet treated in an original and masterly manner by Mr. 
Williams. He detects an induced current of air by the simp- 
lest possible experiments; on this current depends the power 
of the jet, and not on the quantity of air or gas that is forced 
through the nozzle. From the exposition of the dynamical 
laws, 80 clearly established for the first time in the work before us, 

uantities are easily calculated to suit any required development. 

t is easily observed that the tuyeres of blast furnaces, fan blowers, 

and such contrivances, may be made more effective by constructing 

them in accordance with the law detected by Charles Wye 

Williams. He observes— 

“The jet may, at first sight, appear to be of minor importance, and 
scarcely entitled to recognition as an agent for developing power. All 
think they know ita character, and the cause of its action and efficiency. 
On examination, however, it will be found to involve results both practi- 
cally and dynamically of the deepest interest. To the jet belongs all 
n the AME of draft, and the rin M of sed Wy al 

ect in the locomotive steam engine. ou js is i 
engineers, yet none have etumined. the true deu of A pei rm 


in reference to railway speed. 

So important haa. eot the result of the jet of waste steam in the 
chimney of the locomotive, that a contest of violence, and even acrimony, 
has long been carried on as to whom belongs the merit of ita application 
at the time of the great rival contest on the opening of the Liverpool and 
Manchester Railway, in which Stephenson carried the day, his success 
being solely the result of the introduction of the jet of waste steam in the 


chimney. Of the peculiarity or cause of this result as a power, he was at 


Oc. 1, 1863] 
at the time wholly ignorant. Even to this day no one has yet given a 
correct scientific account of the true modus operandi by which the effect 


is realised. So little indeed was this known when first introduced into 
the Rocket engine, that the best mode of applying it, as regards area 
and position, was wholly undecided. All that was known, or considered 
requisite, was, that by throwing the waste steam from the cylinders into 
the chimney a great accession of draft was obtained, combustion accele- 
rated, and a commensurate increase in the amount of steam generated. 
Subsequently, scientific men began to consider these points; the present 
position, however, of the jet at the base of the chimney, and the regulation 
of the sectional area of the jet, have been determined by practice alone, 
and without reference to'principle. 

From the use of the steam jet in the locomotive came its application in 
aid of the draft in marine boilers, where, of course, the benefit and effect 
of high chimneys, as adopted on land, cannot be available. Still, how- 
ever, we shall see how little was known as to the principle on which the 
efficiency of the jet depended. En proof of this it may be mentioned that 
in & recent instance steam jets have been introduced into the chimneys of 
large vessels with so little judgment, that not only is their effect to a great 
extent neutralised, but it 1s accompanied with an unnecessary waste of 
steam. This will hereafter be explained and illustrated.” 


The following simple experiments establish the theory put 
forth, and define the principle upon which the force of the jet 
depends. Our author commences to illustrate his views by the 
action of a common house bellows, and remarks, 

“With the view of illustrating the principle on which the efficiency of 
the jet depends, let us take the most familiar instance, that produced by 
the common house bellows, used for urging combustion in our domestic 
grates. We all imagine that the effect is produced by the air which 
actually passes through the bellows and issues through the nozzle. That 
this is not the case, and is but a popular error, may be proved by 
allowing no air to enter the fire but what absolutely through the 
bellows and its nozzle. On doing so we shall find that but little effect 
would be produced in urging the fire. The following experiment will 
suficiently illustrate this fact. Let A, Fig. 1, represent the nozzle 

Fio. L 


of the bellows, and B the conical stream of air impelled through 
it. Now, if that represented all the air that ente the fire we 
should find the effect to be altogether insignificant. To prove 
this, let the stream of air be absolutely confined to that quantity, by 
placing on the nozzle the tin conical tube C, Fig. 2, this tube being about 
six or eight inches long. On urging the bellows we shall be suprised at 


Fio. 2. 


the comparative insufficiency of the blast. Whence then, it may be 
asked, is the additional supply obtained which makes the ordinary action 
of the blast so efficient? This may equally be made visible by placing on 
the nozzle, in place of the cone C, the cone D, Fig. 3, of the same size, 
but made of the perforated zinc plate used for window blinds, or a tin 
cone perforated with numerous holes, each of about one-eighth of an inch 
in width. Ifthe bellows be then worked, strong currents of air will be 


found rushing into the cone through the numerous holes, and which will 
be found sufficient to restore the action to its ordinary force and effect in 
urging the fire. On holding the flame of a lighted taper to the holes in 
the perforated zinc cone, Fig. 3, it will show the air forcibly drawn in 
through them, thus accounting for the increased quantity entering the 
fire. This additional supply may be called the induced current, and on 
this will be found to depend the great value and effect produced by the 
jet, whether it be of steam, air, or water.” 

The tuyere of a blast furnace establishes the same result when 
properly pre The mere patented by Ransom Cook, much 

in the United States, furnishes a example. 

“The following will further illustrate the effect of the induced current. 
Let Fig. 4 represent a tm cylindrical vessel, about 5 inches long and 
3 inches diameter. A is the mouth-piece through which the air may be 
blown from the lungs. B is a cone of the perforated zinc plate, fixed in 
and passing through the cylinder. C is an open space through which the 
air will enter to supply the induced current, to be drawn in through the 
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perforations in the,oone. On blowing amartly into the mouthpiece A, 
and holding the lighted taper above the open , the flame will be rapidly 
deflected, as pointed out by the arrows, thus showing the great additional 
volume of air which was entering, in aid of that impelled through the 
mouth-piece. If however the open space C, be closed, the inefficiency 
of the blast will be strikingly evident, 

The following is a familiar mode of showing the great amount of the 
induced current, as oompared with what is supplied by the direct jet. 
Let A, Fig. 5, represent a tin tube of 4 feet long and 8 inches diameter. 
If the nozzle of the bellows be presented to the end of this tube, as shown 
at B, and the air be forced into it, on a lighted taper being held to its 
end, the direction of the flame will indicate the induced current entering 
the tube, as marked by the arrows. Now, to prove the inadequacy of 
the jet when deprived of the induced currents, let the tin plate C, Fig. 6, 
be placed against the end of the tube, leaving a hole in the centre of 
the plate sufficient for the introduction of the nozzle of the bellows, The 
result will be remarkable, conveying the effect of an almost want of power 
in the action of the bellows. This will be the more apparent if we hold a 
taper at the further end of the tube, or a distance from it, to indicate the 
force of the blast.” 

In continuation our author gives the succeeding examples, to 
show that the power of the jet is due to the pure air supplied 
by an induced current. 

“The following are additional illustrations of the reality and im ce 
of the induced current of air. We are all familiar with the boys’ experi- 

Fio. 3. 


ment of balancing a pea in the air by blowing through the stem of. a 
tobacco pipe. Thus let A, Fig. 7, represent the pipe stem held vertically, 
and C the pea. On blowing through the pipe, the pea having been first 
balanced on ita end, it will be forced upwards, and i in the air 
several inches above it, as shown in the . In this case, no one 
doubts that the pea is not only projected into the air, but held in its 
position by the force of the jet and breath from the lungs; yet such is not 
the fact. The experiment will be more effective if made on a larger scale, 
thus:—Let A, 8 and 9, represent the mouth-piece of a tin tube, 
having an orifice for the exit of the air of about one-eighth of an inch. 
If then, holding the tube vertically, we place on its upper end the round 
cork ball C, of abont ł or 1 inch diameter, the blast issuing from the lungs 
will project it 10 or 12 inches into the air, as shown in the ie 

Here, as in the case of the it would be thought that the cork ball 
was sustained in ita position by the sole force of the jet of air. So long 
as the jet is forced vertically upwards, there might be reasonable grounds 
for attributing the sustained position of the to the mere force of the 
jet. When, however, the ball is projected at a considerable angle as in 
Fig. 10, it is manifest there must be some other force im operation 
which prevents ite falling over, as the ball could not be sustained at such 
an angle by the mere jet, since it must either be projected as a ball from 
a cannon, or it must fall downwards by virtue of its gravity. The induced 
curent, however, illustrated in Figs. 9 and 10, then comes in aid of its 
support on whatever side it may be projected, sustaining its inclined poei- 
tion as shown by the arrows. This is further evident by obeerving that, 
as the ereinen — a the pm vazios, the will retum at a 
corresponding angle to the orifice from which it had been propelled. 

Again, if the preventor tube D, Fig. 11, be placed on the month- 
piece, the effect of the jet will be so reduced as to be scarcely sufficient 
to move the ball. 

In further illustration of the value of the induced current, let the 
experiment be made with steam instead of air. Let Fig. 12 represent a 
jet of steam, say at 10 lb. pressure, issuing at A from a tube of an orifice 
of 1-10th of an inch. The steam will then be projected to a distance of 
3 to 4 feet. Let Fig. 13 represent the same jet with the preventor tin 
cone B placed on it, as in former experimenta, by which the approach of 
any induced current will be prevented. The result will be, that the force 
will be insignificant, the steam having apparently lost ita force, as shown 
at C. If then, as before, we remove d preventor cone and replace it 
with one of the perforated zinc, the foroe of the jet will appear to be re- 
stored, as in Fig. 14, where if the flame of a taper be held over the orifices 
it will be drawn into them to supply the induced current, as shown when 
the jet was made with air. 

The value of the induced ie full betaine in the jets of the 
ordinary Argand burner, as in the common blowpipe. In this 
latter case, if the Bie be used from the lungs, it is manifest is could have 
no value in promoting combustion, sinoe, the carbonic acid and vapour 
issuing from it oould not increase, or even sustain the combustion by 
which such powerful and intense heat is produced. We have, then, no 
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alternative, but to attribute the generation of that heat tothe pure air 
drawn.in by the induced current.” 

We have now fairly and fully laid the sound demonstrations 
and practical proofs furnished by Mr. Williams before our readers. 
His views on the jet, as well as on vaporisation, condensation, and 
explosionsare newand true; weendorse them. In the work before 
us the foundation is laid of a sound theory with respect to heat 
in ita relations to water and steam; it is time that false doctrines 
and theories were laid aside, and a superstructure raised that will 
endure. The subject being of paramount importance, is sure to 
meet with the careful attention of engineers and men of science, 
to whom we would again commend the carefal perusal of thie 
valuable and original work. 


- The Iron Manufacture of Great Britain. By W. TRuRAN, C.E. 
Second edition, revised by J. AnTHUR PnHiLLIPS and WILLIAM 
H. Dorman, C.E. 4to. London: Spon. 1862. 

It is now seven years since the appearance of the first edition 
of the late Mr. Truran’s well-known work, which was at the time 
noticed at some length in this Journal (vol. xviii. p. 319, and xix. 
149. The present posthumous edition is from a manuscript 
nearly completed by the author at the time of his death in Aus- 
tralia, he having in fact almost re-written the book, and increased 
the number of plates from twenty-three to eighty-four. The 
manuscript has been edited by the two gentlemen whose names 
are given in the title-page, who bave endeavoured to follow out the 
authors aim as nearly as possible. The following extract from 
the preface will show the just estimate which the editors have 
formed of the work:— 

“The great experience of Mr. Truran as an Tron Metallurgist, and the 
untiring industry with which during many years he collected notes and 
sketches of every kind of apparatus connected with the manufacture, is a 
sufficient guarantee for the perfect accuracy of the smallest practical 
details, while as an able draughtsman he haa left behind him a series of 
beautifully executed drawings of the furnaces and machinery he describes, 
These drawings, which have been carefully re-produced by Mr. Newbery. 
give a greatly increased value to the present over the former edition; and 
it is not too much to say that this work now forms the most complete 
and practical treatise on the Metallurgy of Iron to be found in the 
English language. T ; ; 

“With respect to the opinions held by the author relative to the subject 
of waste heat and the advantageous application of the unconsumed gases 
issuing from the blast furnace, we may remark that the experience of the 
last few years does not appear to entirely bear out the conclusions to 
which he had arrived. 

“lt must however be remembered that Mr. Truran was eesentially a 
practical man, and that the great value of his work is rather as a record 
of the exact state of this ‘industry at the time at which he wrote, than as 
a scientific treatise lr em Rapt wot: explanatory of the physical and 
Chemical agencies which play such an important part in this branch of 
our manufactures. 

** With some of his observations of a theoretical nature we cannot our- 
selves entirely agree, but there can be no doubt that his remarks on the 
influence exerted by the area of the tunnel-head on the working and yield 
of furnaces are of much practical importance, and that the attention of 
ironmasters cannot be too carefully directed to this subject." 

The work is brought out in very handsome style, and the clear- 
ness aud fidelity of the numerous lithographic illustrations much 
enhance its value. We shall take an early opportunity of 
noticing it more fully. 


Orthographic Projections of Descriptive Geometry. By S. EDWARD 
Warner, C.E. 1860. 

A Manual of Elementary Geometrical Drawing. By the same 
Author. 1861. New York: John Wiley; and London, Triib- 
ner and Co. 

The author of these books is Professor of Geometrical Drawin 
in the Rennselaer Polytechnic Institute, Troy, New York, an 
appears to have devoted much study to his special subject, upon 
which he enters in the spirit of an enthusiast. The first and 
larger work is of somewhat ambitious scope, aiming at no less 
than an original methodical arrangement of the entire subject. 

*' In comparing the wants of the thoroughly trained draftaman and 
every architect, engineer, master machinist, etc., should be a competent 
drafteman—as made known by several years’ experience in teaching the 
various branches of graphical science, with the means of instruction 
afforded by the few existing works, in English, on descriptive geometry, 
these works have seemed defective both in the quantity of matter pre- 
seated, and in their system—or apparent lack of system—of arrangement. 
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But in view of the above named deficiences, the great value of descrip- 
tive geometry to architecta, engineers, masons and machinista, as well 
as to mere drsftamen, aa a technical graphic language, capable of expres- 
sing with unequalled brevity the true size and tive position of all 
parte of a geometrical magnitude, or assemblage of itudes, impels 
me to offer the following pages as the result of a careful noting of the 
matters suggested by many repetitions of the course in descriptive geo- 
metry in the clase-room. writer has deemed it a fortunate circum- 
stance to be enabled to deal with a subject whose precise nature and 
sphere have not been determined by universal usage, especially in view 
of his citizenship in a nation which, being in many respects a compeer of 
the maturer nations of the old world, while it is yet in its own early 
youth, promises to be in a position to determine the usage just alluded 
to.” 


Accordingly, we have upwards of 400 8vo. pages, and a profusion 
of plates, devoted to the treatment of the matter in extenso, in a 
regular order based on a simple and sound scheme of classifica- 
tion. The author’s general conception, and the faithfulness with 
which he has Worked out ita details, claim high commendation. 
At the same time it would have added much to the value of the 
work had simpler language been used. The English reader is 
placed somewhat out of iis element among “ tangencies, ” 
* nappes," “ go: et ical constructions,” “second genera- 
tions P and “ Oel B aitiona," We concede that Mr. Warren 
does not write for the Old World mainly, or in the first instance; 
and also that the task of generalising and reducing into system 
will sometimes require aids from language. But we conceive 
that if the verbiage of the volume before us were brought down 
to a plainer standard, the author's meaning would come out 
with much more clearness and force. 

The smaller volume is what its name implies, and something 
more. Instruction is given in the rudiments of geometrical pro- 
jection, and also of shadows, in isometrical drawing, and in the 
drawing of structures and machines. These instructions are 
accompanied with explanations, very useful to the young 
draughtsman, of all the details represented, so as to inform him 
of the principle, object, and actual working of every part, and 
teach him thoroughly to master the idea as well as to acquire 
the mechanical facility of picturing the form om paper. The 
work is liberally illustrated with neat lithographic plates. 


——— 


STAINED GLASS IN THE INTERNATIONAL 
EXHIBITION, 1862. 


HARDLY is there a substance that contributes iu so important 
a degree as glass to the progression of the arts in their 
development of the most refined and beautiful forms and 
materials, and to the comfort and necessities of all classes. The 
imperishability of this material has also secured to us inviolate 
the works of some of the greatest ancient masters of the art, and 
inspires even the artist of the present age with the grandest 
conceptions, and induces to a glorious emulation. To whatever 
more recent discovery we may be indebted for a more economic 
material, it is certain that the use of glass is traceable back go far as 
2000 5.c., when the Egyptians not only made glass but understood 
its colouration, by means of fluxion with metallic oxides. Thus, 
in some of the oldest mummies, we find glass present in the form 
of beads and other conceits, for the decoration and ornamentation 
of their gods. The Portland vase from Nineveh is made of blue 
glass figured in white enamel, the date of which manufacture is 
given as 700 B.c, A moet interesting analysis has been given by 
M. Bontemps to the Paris Academy of Sciences of the glass found 
at Pompeii and Herculaneum, manufactured about A.D. 79. The 
colour is bluish green, and approximates to an extraordinary 
degree to the constituent and component parts of the ordinary 
glass of our own time. 


Glass from Pompeii. Ordinary Glass. 

Silica S vus .. 69°43] Silica a ET .. T2:50 

Lime 7T'24| Lime res ess .. 1810 

Soda sts 17°31 | Soda 18:00 

Alumina ... $:55| Alumina ... "1 .. 2100 

Oxide of iron = 1°15 | Oxides of iron and manganese 0:40 

Oxide of manganese 0:39 

Oxide of copper ... & trace 100-00 
99:07 


Glass was not used for the purpose of glazing until long 
after its discovery; mosaics and enamels were the first uses 
to which it was applied. The mosaics were of a very elabo- 
rate character, and consisted for the most part of filaments 
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fused together, rather than a combination of geometrical forms. 
Next came the geometrical mosaics, wrought with surroundings 
of foliage, figures &c. Baron Rothschild exhibits a beautiful 
specimen of this class in the (Loan) Museum at South Kensington. 
In the enamelling of glass the Byzantine artists seem to have 
excelled, but it was long after Phomnicia became celebrated for, 
and Rome had introduced glass, in its brilliancy and beauty, that 
it was utilised by its adoption for ornamental and artistic glaz- 
ing; and for this purpose 1t was first introduced into monasteries 
and churches Bede, in his history of Wearmouth, in Durham, 
says “about the year 674 the abbot Benedict brought over an 
artist from beyond the seas to glaze the windows of the church 
and monastery of Wearmouth.” France, in the sixteenth century, 
established extensive manufactories of window-glass, and con- 
ferred considerable privileges on the workmen employ od: but it was 
not before the reign of Elizabeth that we produced window-glass in 
any quantity. Germany has in former years sustained a con- 
adorabi reputation for its production of window-glass, but is 
now much below par. In order to criticise fairly or appreciate 
duly the productions of the various exhibitors in the present 
Exhibition, we should know certainly something of the manu- 
facture, and the object each exhibitor has in view. To this end 
we wóuld make a few remarks upon the manufacture of glass for 
window glazing, so far as the art of glass staining or painting is 
concerned. It is incorrectly supposed that of all stained glass 
extant that of the early period is the finest. This is not the 
fact; but the retrogression for some few ceuturies of the art, 
whether from ecouomical notions or neglect, has led to this belief 
that the falling off reached its climax at the end of the seventeenth 
century, but no progress worthy of mention in the reproductive 
art took place until of late years. Now however it can be shown 
that we manufacture glass in no way inferior to the finest pro- 
ductions of the early ages. Two of our exhibitors, Messrs. t- 
ley, of Sunderland, and Messrs. Powell, of Whitefriars, are large 
manufacturers, and both in their specialities have done great 
and incalculable service in the reproduction of the finer details of 
this art. It would be most unfair to judge of Messre. Hartley's 
No. 6726, Class 34) glass from the design of the large circular win- 
ows at the east and western ends of the nave, this aving nothin 
really to do with the speciality the exhibitors have in view; and, 
much as one could have wished so prominent a s to have dis- 
played a design worthy the material, yet it has nothing whatever to 
do with thequality of the glass, which is not exhibited as a window, 
but is evidently intended to display the great, indeed wonderful, 
brilliancy and beauty of the manufactured by this firm; 
who also introduce some new colours, among which is a beautiful 
blue, where copper takes the place of cobalt. It is but justice to 
Messrs. Hartley to say that some of the most brilliant of the 
productions of many of the exhibitors is due to the successful 
production by them of an excellent quality of stained glass at 
prices that have not failed to increase very considerably its con- 
sumption. To Messrs. Powell (6737) much isdue, not only for the 
manufacture of their glass for the artist, and their most excellent 
quarry glass, but in their efforts in glass painting, their windows, 
although subject to criticism on some points, aufficiently indicate 
oe ee in this department. This firm has the award of a 
medal. 

The varieties of glass employed for these purposes are four in 
number:—1. The glass which is coloured through its substance, 
called pot metal. 2. That which is coloured only on the outside, 
called flashed glass. 3. That which is stained after the first 

rocess of manufacture is completed. 4. The rolled glass; and, 
tly, the ordinary sheet-glass, which is to receive a process 
different from the foregoiug, and requires the aid of the artist to 
produce its chromatic etfects by the art of glass painting; this 
rests with the artist, whose colours are e to adhere to the 
glass by the aid of fluxes, which at à comparatively low temper- 
ature bring the silica into a state of fusion, and fix it, with ita 
colouring materials, to the glass to be operated upon. Here, then, 
it is plain, that the art has many branches, upon each of which its 
ultimate beauty depends: ist, upon the original glass manufacturer; 
2nd, the chemist who compounds the fluxes; 3rd, the designer, so 
far as the cartoon is concerned; 4th, the artist, or painter, who 
needs to know most thoroughly the effect of the fire upon his 
work; and lastly, there is involved the necessity for great care 
and judgment in the management of the kilns and other inci- 
dentals, which may render justly the work of the artist, or affect 
it most unfavourably. 
Hardly has architecture so beautiful an accessory as stained 
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glass. Our ancient catnedrals and churches owe much of their 
magnificence and impressiveness to their glorious stained-glass 
windows, through which pour the soft streaming bejeweled 
rays in the bright sunlight, or the subdued and divine effects of 
the paler orb. 

In the display of Messrs. Warrington (6744), who have 
received honourable mention, we find an attempt to illustrate 
the various periods of the art of glaas-staining that falls far 
short of the evident intention of the exhibitors. Through 
the medium of their diversity of production we can trace 
pur the styles of the various periods; but they have 

iled in some of the most important characteristics as illus- 
trative of the periods to which they refer, either in the lineamenta 
of the features, in the drapery of the figures, the eyea (which 
mark style and period) or the brilliancy and force attaching 
themselves in various degrees to these details. In some one or 
other of these particulars the work falls short, though altogether 
the firm deserve great credit for their attempt to render the 
illustration. 

Messrs. Ward and Hughes (6741), who also have received 
honourable mention, exhibit the true inspiration of the artist; 
their figures are truthfully and beautifully rendered; their glass 
is most brilliant and harmonious in its effect, and the feeling 
displayed throughout is of an elevated order. 

Mr. Charles Gibbs (6724) exhibits much that is to be admired ; 
and the ornamental part of a window exhibited by him more eepe- 
cially deserves great praise for beauty and brilliancy of material 
and excellence, combined with richness of design. Honourable 
mention has been awarded to these productions. The last- 
named exhibitor has a namesake, whose attempt at reproducing 
the glass of the thirteenth century is a miserable failure. 

essrs, Hardman’s works (6725), which have been recognised 
by the award of a medal, display the usual excellence of the 
productions of that eminent firm. The Emett Memorial Window 
excels in many respects their larger windows, which neverthe- 
less display great merit. 

Messrs. Lavers and Barraud (6745), who have a reputation for 
undoubted progress in the art, receive a medal; their works. are 
of the very best kind. Their window for Lavenham Church 
displays great skill—the groups are beautifully drawn and 

inted, and full of religious feeling. We cannot pass by their 
Beads of Authur and Guinevere without a wort ‘of praise justly 
due to these fine paintings. 

Messrs. Ballantyne and Son (6711) should not have their work 
brought to the standard of ancient glass paintings; it is a style 
of their own, and suitable for certain purposes and positious. 
As transparencies they are not without merit, though their 
introduction into ecclesiastical buildings would be a great error 
in judgment. The thirteenth century work of Messrs, Powell is 
deserving of all praise, and the window in the Cinquecento 
style is an admirable production, especially ao far as the figure 
of. St. Paul is concerned. Some few defecta in the design might 
be pointed out, but altogether their productions are of a most 

raiseworthy character. Messrs. O'Connor and Co. (6755) ex- 

ibit a great variety, but although the recipients of a medal, we 
cannot be persuaded out of the notion of the general poverty and 
inferiority of their selection. 

Messrs. Heaton, Butler, and Bayne (6727) exhibit some very fine 
windows; the most prominent feature of their display is however 
their fine heraldic work. The f of Moses, in the window for 
St. Alban’s Abbey, is fine both in conception and execution; and 

t harmony of colour prevails in their work throughout, and 
erre fully tlie distinction they have received as medalliste. 

Of Messrs. Clayton and Bell (6718) we need but say that they 
well sustain their reputation for high artistic skill and feeling in 
their glass painting; one thing strikes us however aa wan 
which is, a higher degree of colour, the absence of which tends to 
an appearance of poverty in their productions. Messrs. Chance 
and Co. (6716) have boldly entered the field of glass painting, and 
have as boldly introduced a new disposition—we cannot ssy 
harmony—of colour, which is as eccentric aa the design. It 1s 
difficult to criticise eccentricities, and it is placed where there are 
not many passing critics to offend. 

Messrs. Rees and Baker (6740) exhibit a window, in which a most 
unsuccessful attempt bas been made to introduce perspective and 
other effecta, which does not speak much for their experience im 
the established principles of the art of gline. painaa. Mesers. 
Field and Allan (6721) are deservedly awarded a medal for & 
beautifal specimen of fifteenth century work. 


^ 
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Altogether, this department of the International Exhibition 
well sustains a reputation for progress, and proves, as in our 
advance in ceramic wares, that noble emulation will redeem in 
a short period a loss that the mourning of ages would but con- 


praise then is due to those enterprising firms and indi- 
viduals who have so nobly, and in many cases so disinterestedly 
persevered in the reproductive arts. 


MACHINERY IN THE INTERNATIONAL EXHIBITION, 1862. 


(Continued from page 289.) 


Fie. 12.— Bavcnbill, Salkeld, and Co.'s Narine Engine, 


Messrs. Joun Pe xn and Sow, Green 
wich, exhibit a pair of Horizontal 
Marine Engines (1955, Class 8), of 600 
nominal horse power. These engines 
are constructed on the trunk principle, 
working through both ends of the fin’ 
ders; the pistons in the centre of the 
length of the trunk; the connecting rod 
works on a gudgeon fixed in the trunk, 
the action being thereby direct from 
the piston tothe crank; the air pumps . 
and condensers at the opposite end— 
the former actuated from a rod moved 
by the piston to which it is attached, 
and passing through the cylinder cover, 
the same being the case with the rods 
that drive the feed pumps, placed close 
to the condensers, and taking their 
water directly from the hot wells. The 
air pumps consist merely of a solid pis- 
ton working in a cylinder open at both 
ends, and placed within chambers, sepa- 
rated by a mid diaphragm, beneath 
the horizontal valve plates above. The 
valves are multiple and circular. The 
steam and eduction valves are simple 
cap slides of large size, with considera- 
ble lap. The valve gear consista, for 
each engine, of two eccentrics and link 
motion; the vibrating link is hollow or 
slotted, and the arrangements for hand- 
ling the engines are very simply brought 
up to a single starting wheel, placed 
with its plane athwartships, and upon 
the top of the condensers; close by it 
are the levers acting upon the throttle 
valves and those by which small subsi- 
yd valves placed on the upper sides 
of the cylinders are manipulated, by 


||| which the cylinders can be breathed 


and blown through, before starting, as 
well as the condensers. Thesteam and 
eduction valves stand on edge, or upon 


|| the sides of the cylinders. The dis- 


sobs a steam passes directly Mcr d 
polished copper pipes over the top of the 
engines to the top of the conaensers. 


| These are pravi with expansion 
| glands at t 
| main shaft is in one piece, 12 inches 


e condenser ends. The 


diameter at the necks. The cranks are 
balanced by blocks of cast-iron secured 
by atraps. The main strains in eugines 
of this class being reduced to push and 
pull in the line of the axis of the cylin- 
ders, iu which direction ample strength 
is provided in the framing, no great 
transverse stiffness is needed or fuund, 
in the lower frame or bed plates. The 
outer end of the crank shaft, at the first 
length of the sorew shaft, is provided 
with a worm wheel of cast-iron and end- 
leas screw, for the purpose of turning 
round the engines when steam is not 
up. The boilers, four in number, have 
a heating surface of about 11,000 square 
feet. These engines are intended fora 
first-class frigate iu the Spanish navy. 
The workmanship of these engines is 
perfect, as is usual in the productions 
of this eminent firm. E 
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Mesara. Ravenhill, Salkeld and Co. of Ratcliff and Blackwall, 
exhibit (1962, Class 8), working models of a pair of Horisontal 
Marine Engines of 500 horse-power for screw propellers (Fig. 12). 
The sylinder are 71 inches diameter, 3 feet stroke, and are fitted 
with double piston-rods placed diagonally in the pistons, so as to 

the one above and the other beneath the shaft to the cross- 
1 The guides are placed on the condenser framing, from 
which croes-heads connecting-rods return to the crank shaft. 

The exhibitors were, it is believed, the first to introduce the 
double piston-rod engine into the British Navy; engines of 300 
horse nominal power so fitted having been made by them in the 
year 1845, since which time they have fitted no less than forty-five 
ships with them. The slide valves are three-ported, and worked 

` by the ordinary link-motion. The air-pumps are worked direct 
from tbe piston, and are placed outside of the connecting-rods at 
each end of the engines, so that their stuffing-boxes are at all times 
aceessible whilst the engines are in motion. The foot and 
delivering-valves are placed at the extreme ends of the condenser 
framing, and are at once within reach by the removal of the doors. 
The connecting shaft is carried in three bearings, the main glands 
of which are of wrought-iron made to clip the framing. ese 
models are very beautifully executed. 

Meesrs, Ravenhill, Salkeld, and Co. exhibit also a working 
model of the marine engines of the Holyhead royal mail packets, 
Leinster and Connaught. These engines are an admirable ex- 
ample of the class of mercantile marine engines, and of the appli- 
cation of the oscillating cylinder to the largest class of engines. 
The nominal power of these engines is 720 horse-power. The 
cylinders are 8 feet 2 inches diameter. The stroke is 6 feet 6 inches. 
The working pressure in boilers is 20 lbs. pet square inch, and 
with an indicated horse-power=4751 horse-power=nearly 6'6 
times the nominal power, these vessels attained an average speed 
at the official trials at Stokes Bay of eighteen knots or twenty- 
one statute miles per hour; the engines working at the rate of 
twenty-five to twenty-six strokes per minute. The average speed 
in all weathers of the two vessels on the station during the first 
six months of the new postal service, ending 31st March, 1861, 
between Holyhead and Kingstown, was 15:451 knots, or a little 
under eighteen statute miles per hour. The extreme length of 
the Leinster and Connaught is 350 feet; the breadth 35 feet; the 
mean draught 12 feet 9 inches; and thearea of midship immersed 
section about 328 etd feet. The boilers are eight, tubular, 
with 40 furnaces, and 4176 tubes, or a total of 4$ miles of tubing, 
and expose a heating surface of 16,800 square feet. The consump- 
tion of fael is about three lbs. per indicated horse-power per hour; 
the boilers are not fitted with superheating apparatus, nor are the 
engines fitted with any expansive gear, but steam is cut off by 
the slide valves at about 8ths of the stroke. The average vacuum 
is 25 inches. The shafts are wrought-iron—none of steel. The 
einig are upon the feathering principle, and are one of the 

rgest examples of this construction, the floatboards being 5 feet 

epth. The outer paddle-abaft bearings are inside the paddle- 
boxes, and hence are very accessible. To Messra. Ravenhill, 
Salkeld, and Co. honourable mention has been awarded for their 
models of oscillating engines. y 
gg 
THE TUNNEL THROUGH MOUNT CENIS. 

THE t enterprise of Sir Isambard Brunel of constructin 
the tunnel under the Thames, bas nowhere been imitated on suc 
a gigantic scale as in the case of the tunnel through Mount Cenis, 
which will open a new and shorter communication between the 
North of Europe and Italy. It is, in fact, such an undertaking 
as could hardly have beeu ever achieved if some recent 
mechanical and engineering improvements had not come to 
its aid. The entire Tength of this tunnel is estimated at about 
12,220 metres, Its situation is between the railway station of 
Susa and St. Jezn de Maurienne, west of the present highway 
from Susa over Mount Cenis by the Col de Fréjus, at an eleva- 
tion of 1338 metres or about 4100 feet above the level of the 
Mediterranean. The southern opening of the tunnel lies about 
64 leagues west of Susa, near the hamlet of Bardonéche: hence 
the tunnel asceuds by a gradient of à per 1000 until the middle 
of the mountain, and then descends towards the northern 
opening of the tuunel, near the village of Mondone, with a gra- 
dient of 23 per 1000. On account of the groat height of the 
mountain, no vertical shaft was possible. The present postal 
road Mount Cenis at an elevation of 6354 feet, and the 
height of the Col de Fréjus is 9168 Paris feet or 2978 metres, 
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This stūpdndous work was began on the 31st August, 1857. 
At the present moment the excavations extend to 740 metres on 
the north, and to 950 metres on the south side, and consequently 
10,530 metres are yet to be bored. Up to a late period the mini 
operations were performed by the ordinary method of mail 
labour, bat now new boring apparatus has been adopted on both 
sides of the tunnel, and the work progresses daily at the rate of 
four or five feet. Still it is evident that ten years will hardly 
suffice to complete the work. The cost of this gigantic under 
taking is estimated at sixty millions of francs, but probably this 
sum will be much exceeded. France has to contribute twelve 
millions of francs, but has not done so hitherto. If present cir- 
cone continue, it is to be feared that the works will be 
ato . 

e work of boring is done by machines, which are moved by 
air compressed by hydraulic pressure. The water necessary for 
tbis purpose is obtained in the following way. The water which 
constantly pours down the slopes of the Alps, and which forms 
the chief supply of the little river of Bardonéche, is collected in 
channels and large reservoirs, and thence conducted by large 
tubes to a building, in which there are ten iron tanks in the 
shape of steam-boilers, each of which is furnished with a 
vertical tube of two feet diameter and fifty metres high. While 
the water is conducted from the main tube into these tem secondary 
ones, the air is conducted by a ventill apparatus, of which each 
tube has one, the air and water is so conducted that the tanks are 
completely filled with air, and the tubes with water. The columns 
of water in the tubes now compress the air, with a force of 
22,000 lbs., which causes the air to issue from the reservoir with 

t force. A strong metallic tube eight or nine incbés wide 
is conducted into the tunnel, close to the boring apparatus, where 
four tubes of india-rubber, secured by screws, bring it in four 
cylinders placed horizontally, from whence the rotatory apparatus, 
which moves the boring instrument, is fed. This rotatory 
ratus moves de steel gimlets, each three feet long, which 
placed at an angle of 45? penetrate, pushing and boring into the 
rock. As the borers make 200 strokes each minute, the noise is 
terrible. The air cylinder, the borer, and the men at work are 
placed on an iron framework, which can be moved upon wheels 
rolling on iron rails. Ventilation, as well as the removal of dust, 
is effected by the openiug of spiral air-valves fixed on the iron 
tubes. The boring apparatus, made at the manufactory of 
Cockerill at Sérsing, are 9 feet long by 10 to 12 inches high. 
Each machine perforates the rock, according to its solidity, to the 
depth of 2 feet, and a width of 1} iuch. On each surface of 
6 square metres, four holes, 2 feet long and 3 inches wide, and 
seventy or eighty holes of the same length, but of less width, are 
made. After all the holes have been drilled, wbich generally 
occupies six hours, the iron framework, with the boring apparatus, 
ie drawn backward in the shaft about 100 metres, aud it is closed 
by a strong wooden gate, for avoiding the projection of stones 
when the miue is exploded. The method resorted to here is the 
usual one of gunpowder and a conducting train, but the foor 
large holes in the middle are not loaded. After the firing of the 
mine the smoke of guupowder is expelled by means of the venti- 
lating apparatus, and the débris of rocks carried in small carts, 
on a lateral rail, to the large waggons at the entrance of the 
tunnel, and thence conveyed to the general paio of rock 
debris. The collecting and removing of the rock débris takes 
also six hours, and thus the blasting can only be done twice a-day. 
There are two rails in the tunnel, Petwön which is a conduit for 
the efflux of the water. It is altogether supported by a vault, 
that at the north end made of hewn stones, on the south side 
of bricks, Outside are the reservoirs and the building for the 
machines to compress the air, a mechanical workshop furnisbed 
with a turbine, a large building for the officers, and a manu- 
factory of gas for lighting the tunnel and the buildings. 

— —— fp ———— 
IMPROVEMENTS IN PARIS. 

Restoration of the Palais des T'uileries.—The works of restora- 
tion at the Tuileries are progressing. At present the fonnda- 
tions on the south side of the buil ing are carried ofi, which 
present many difficulties, on account of the river close by. It 
was required to go down sixteen metres to find solid ground, five 
metres lower than the old foundations. The cut is finished 
on the whole extent of the works, except on the S.E. angle. All 
the other excavations are completed, and the beton has been cast 
on which the masonry is to be placed. 
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Theatre of the Prince Imperial—This theatre, situated in the 
equare of the Arts et Métiers, will soon be finished. The front 
is near its completion. It consista, on the ground floor, of five 
round arcades, made of alternate voussoirs and triglyphs. Four 
of these arcades lead to a vestibule of two rows of pillars, where 
are the bureaux, and in the rear the staircase of the first galleries. 
The fifth arcade leads to a for the servants to leave, &c. 
The first floor is lighted by five arched windows, the piers 
of which are ornamented by pillars which support the remainder 
of the pediment. Above rises the attic, pierced by six openings 
arranged in a centre, and above is the pediment. 

Enlargement of the Hospital St. Louis.—The Board of Public 
Aid (assistance publique) has undertaken very important works, 
amongst which the above is not the least. It is intended to erect 
a new building for baths. It is situate in the garden of the 
hoepital. Its sian forms the figure T, of which the lateral lines 
are to be occupied by the baths, aud the central building is to form 
the passage to the hydrotherapeutic rooms. The entrance-door 
leads to this , on which open on both sides all the rooms 
of the establishment. To the left is the bath for the men. The 
walls are covered with marble up to the slopes of the windows, 
and the remainder is made of Portland cement, the vault of 
Fayence, to avoid injury by the saline or sulphurous vapour. The 
baths are of enamelled cast-iron, and the doors of galvanised sheet- 
iron. To the right is a similar hall for the females. In an 
adjacent room are the iron safes, inserted in the wall, in which 
the linen of the bathers is dried. Beyond are rooms fur keeping 
the linen, the washhouse, with washing-machine and drying- 
machine, moved by steam. There are also rooms for douche baths, 
for Fanning baths, vapour bathe, fumigations, and ferruginous 

s. 

The New Opera House.—The works of this new theatre are 
pushed on with the greatest actrvity, notwithstanding the springs 
which have been met with. Excavations are made in several 
places, and in some the brickwork reaches already the level of 
the ground, as is the case on the boulevards. In some localities 
the remeval of the materials is going on, in which six steam 
engines are employee: The piles are then driven in, and the 
beton spread. e cement, mortar, and beton are conveyed on 
platforms above the lower workshop, where they are lowered 
into waggons, which convey them to the places where the works 
are going om. - 

Squares projected in the Suburbe.—It is intended to build 
squares in some of the new arrondissements, like those which, 
it is asserted, have given such favourable results in the interior 
of Paris, in a sanitary respect. Excavations have been under- 
taken in the 14th arrondissement, Montrouge and Plaisance; 
in the 20th, Charonne, Belleville; at Batignolles, Grenelle, &c. 
Surveys have been made for two extensive promenades in the 
south and north of Paris, On the other side the transformation 
of the outer boulevard, on the right bank of the Seine, is being 
proceeded with. 


— — —"iáÓÉ—— ——— 


The Cement used in the construction of the Bridge over the Vistula. 
— When the building of the bridge over the Vistula, near Dantzic, 
was begun, we had no hydraulic materials; and it was resolved 
to make for ourselves the cement we were in need of, and a work- 
shop was constructed for that purpose. We shall state briefly 
the processes which were resorted to. We took two sorts of marl 
found in the neighbourhood, which were thus mixed, and their 
analysis yielded the following reeults:— 


Carbonate of lime... eus ae «ds 64 
Silica s Ez T si ae 30 
Oxide of iren ek Ha iia M 4 
Potaah (soda) tis see 1 


The marl was expoeed to freezing, and was intimately mixed in 
two large mills; it was then formed into smal] bricks and dried. 
The baking poe was done in four tub furnaces, after the sys- 
tem of Rumtord, of the following dimensions:— 


Height of the mouth of the furnace metres 10°00 
Diameter of the furnace ee .. 2°60 
Diameter of the mouth 1:25 


Height of the furnace, which is also that of the grate 2-60 
Two men attended the furnaces. The filling was done every six 
hours, The cement was drawn from below, and the pieces too 
much or too little roasted were carefully ssparated. Every fur- 
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nace roasted 60 hectolitres of small bricks, and consumed 11 hec- 
tolitres of Newcastle coal. The cost for the making and pounding 
was about 25 francs for the cubic metre. The further prepara- 
tion was done by eight mills, with movable plates, each of which 
contained a couple of vertical moulds; the plate made 22 revolu- 
tions per minutes; a tap of water served for making the cement 
on the mill by adding a little sand for mixing. Each mill pro- 
duced 134 cubic metres of mortar per diem, consisting of 1 part 
of cement, 14 part of sand, making by the volume 14909. When 
beton was to be made, two drums were used, ing eleven 
revolutions per minute, and mortar and stones were thrown into 
it; each drum made 68 cubic metres per diem; the engine work- 
ing at three atmospheres, without condensation or stop, and con- 
soning 18 hectolitres of coal. The experiments made for the’ 
sake of testing the serengeh of this cement under pressure showed 
that the resistance, which had been only 10 kilogrammes on 
the square centimetre after a fortnight, increased to 40 kilog. in 
a month, and became that of 100 in six or eight months, and 
after one year amounted to 150 kilogrammes on the square centi- 
metre.— Deutsche Bauzeitung. 

Scientific Balloon Ascent.—A scientific balloon ascent for meteo- 
ologio investigations is shortly to be made in Prussia, under 
the direction of the Berlin Academy, on the plan of the successful 
ascents of Mr. Glaisher, which have excited very great interest 
amongst learned societies abroad. A new balloon for military 
purposes, which can be made to ascend or descend by a peculiar 
apparatus attached to the car, is stated to have been made by the 

rench aeronaut, M. Goddard. 


——dS—— — 
CLASSIFIED LIST OF PATENTS SEALED IN SEPT. 1862. 


1402 Milward, J. F.—Breech-loading firearms (com.)—May 10 
636 Deane, J.—Re olving firearms—March 8 
643 8j , W.— Projectiles (com.) —March 10 

1108 Newton, W. E. — Cannon and other ordnance (com.)— April 16 
743 Waller, T. — Breech-loading firearms (com.)- March 17 
780 Mathew, B. H.—Firearms and —March 21 
821 Beaumont, W.—Sights for rifles —Marcb 35 

1603 Whitworth, J.—Shells—Jane 3 


670 Johnson, J.—Steam boilers—March 13 
570 cee J., and Davis, F.—Apparatus for supplying water to steam boilers — 


Mi 
831 Johnson, p Apparita for flues of steam bollers (com.) — March 26 
816 Tovuti C., Young, d ad aae J.—Means of removiog incrustation in 


steam 
814 Topham, J.—Apparatus for removing the sediment in steam boilurs— March 24 


, Bateman, 

1061 Park, J.—8Steam engines—April 14 
788 Humphreys, J.—8team engines— March 31 
838 Parker, J. 

925 Kay 


hoe ue r joarnal boxes (com.)— July 8 
wer, J.—Metallic 
805 Holiday, W.—Flezible valves March 22 


769 Broo R. A.— engines (com.)—March 19 
oan Re Rotary nginee Í em 
612 Blair.— 8 


es — 
594 Guy, G. T.—Klectro magnetic motive power engines —March 5 


616 Restell, B tpe for connecting and disconnecting cars and engines om 
railways— T 

764 A’ Beckett, A. Tee alls on MAU 13 

709 Muir, M., McIl «ham, J.—Railway pers and chairs— March 14 
1074 Brooman, A.—Hailway cars (com.) —April 14 

930 Blackburn, B.—Lubricators for ax]es—A pril 2 

935 W.—Bailway brake—A pril 2 
1011 Aah! J.— Permanent way—April 16 
1795 Hasetina, G.—Roofs to railway cars (com.)—June 17 

948 Toogood, M. R.—Railway crossings—April 8 

183 Bouser, W.—Shipe’ fire bearth and cooking apparatus— March 17 

and paying 


770 Brooman, R. A.—A: for dra t 
an jr wing out chain cables, &c. 


987 Rebour, G.—Ship logs—April 3 

780 Lori W., and Gilbart, P.—Apparatus for raising and lowering shipe bunte— 
931 Hunter, 8.—Ancbors—4A pril 3 

787 Hart, J.—Means for generating steara—Marcb 21 


988 Watremes, J., and b, A.—À] for indica: a defici i 
Te pperatas ting jency of water ia 
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steam—March 8 


ening wire and crinoline steel — March 8 
966 Newton, W.— Manufacture of fron and steel Lone: )—April 4 
1294 Griffiths, T. P.—Shaping sheet irop—Bay 2 


854 De Barry, R.— Machine for manufacture of cigars (com.) —March 27 
864 Nation, B.—Machine for manufacture of boxes and cases— March 28 

883 Hart, B. —Machine for cutting cork (com.) — March 29 
1002 Hook, W P Machin ir ing e dd ahaha: Mardi 81 

e envelo an 
$i Handy, E Y, Bread maki chine ap etal HE dies, &c.—April 1 
1 slg metal shafts, spindles, &c.— 
920 Fui. incisa To for PP piying motive power an 
942 Hunter, G.—Machin REA pril $ 


1082 Petrie, oe sid Rs leat 15 
551 M= Machines for mo and cutting iron or other malleable metals— 


st Bagan, 8 — —Machine for raising hammers and stamping hot or cold metals— 


647 Piret, J.—Lubricatin, 'us—March 10 

126 Pendlebury, J. and T. — Form of lubricator— March 15 

182 Biebe, D. “Machine f for pr acing cold—March 31 

859 Smith, 1 v Coventry, A hes and machines for turning and cutting screws— 


1078 Fell, G., and Haynes, W.— Machine for manufacture of leather—A pril 15 
1109 Btanton, Jo adios for stamping metal washers &c.—April 16 
8 Ward, G., Wooley, W.—Machine for pending metal plates, &c. 


M 
848 Edwards, waco for pulverising and washing mineral substances &c.— 
Arc 


101 Quinard, A.— Machine for manufacture of horse shoe nails —March 18 
166 Bampeon, M.— Machine for cutting tobacco &c,— March 19 


604 Barker, J. ta Sri tus for casting drums, pullica, and other gear—Bsarch 6 
717 Mcidam, W.— Tick palleya we weights, &c. Pior windows— March 15 
721 De la Haye de Barbezleres —Construction of horse shoes— March 15 
728 Hamilton, G.—Tumbler Te MERE 15 
805 Holiday, JL, Hawk ie pee i Spun gio 
1029 Christo wksworth, and Harding, — Drawing metals—A; 1 
1165 Matthei? 8. P.—Vices-- April à 
1668 Jebhardt, J. J. H.—Fastenings for bags &c. (oom.)—June 3 
1767 Lancelott, J.—Manufactnre of ornamental chains—June 14 


765 Wilson, R.—Hyáraulic presses— March 19. 
1017 Newton, W. E. - Apparatus for quung ru forcing water &c. (o0m.) — April 9 

652 Nadal, J.— Portable fountain March 11 

628 Gayet, J qiu meters — March 8 

746 Memmons, M, — Cooling and Altering e ee | (com.)—March 19 

TA Weena J. J. and W. iis ratus for the quantity and pressure, and in 

reguiating th : Mi rcr gi d Pet Bude - March IT 17 
731 Mongrel L.—Coid vapour generator— March 17 


1879 Fowler, J., and King, J. re rir eae for tilling ground — M 
612 Fowler, D Greig, D., and Noddings, H.—Apparatus for ting ground— 


653 Hall, C. — Impletnents for breaking np the soil - March 11 
118 Hunter, J.— orf machines — March 15 
1845 Havitine, G. nes for mowing, reaping, &c. (com.) —June 23 
1886 Roby, R ^ Haymaking machines— March 
707 Bo Nachas for digging the nh for agricultural purposes (com.)— 
M 
113 Samuelson, M, —Cbaín harrows -March 20 
816 Morris, T.—Machíne for breaking Jand— March 29 


879 Ransome, R. —Thrashing inachine— March 31 
925 Serie S -Transmitting power for agricultural makiis- April 2 
908 Clark, W.— Manufacture of manure (com.)—April 1 


592 Cottam, G. and R.—-Horticultural buildings &c.— March 14 


614 Wright, B,—Heating and clarifying saccharine fluids - March 7 
564 Robertson, P.—Itnprovemeuta in yeast, and manufacture of ammonical salts, and 
a ee for animal charcoal—March 1 
1879 Johnson, J. H.—Electro voltaic platework for medical and other purposes (com.) 


—June 36 
1896 Belay, "C. —MNeans of galvaniaing or coating metals by electro chemical agency— 


1127 Abel, C. D.—ADoy containing sine (com. are 17 
315 Morewood, C.— Process of coating metals— March 
919 Madge, H. J.—Proceea of coating metals—A pril 1 
760 Brooman, R.— Manufacture of barytes and barytic products (cotn.)— March 18 
880 Pipini qd W.—Mannfacture of iodine— March 
813 pne B,- Manufacture $t soda water March 24 ) is 
124 en, W.—Process of restoring phos c guano (com.)—4 
880 Do la Poyrouse, Leo.— Preservation of animal Fabstancos- - Maroh 26 
742 W.— Manufacture of sod. and potash- Mareh 17 
611 Conyers, W.—Means of carrying leather— 
724 Robey, J.— Refining of sugar-— March 16 
822 Fryer, A.—Refining of sngar—Marcb 25 


342 Newton, 4.— paratas for separating fibres of wood, flax, &c. (com.)—March 27 
828 Ctlssold, W. qur ni Pak regn 
oM mr i Re E During ongina ril 
1081 Platt, J., Ri an April 10 
798 Abercrombie, D. Power looms March 5 p 
739 ud a M.—Power looms—March 1 
906 Couchoud, P.—Loom for the man«facture Tt cheatlle &c.—14 1 
817 Stewart, J.—Manufactare of cards for weaving ber 34 
1152 Coombe, J.— Machine for hackling flax, &c, —April 21 
563 A.— Machine for scutching flax &c.—March 18 
576 id, J.— = eaving looms—. hs 
797 Lord, Edward—Machine for preparing cotton—March 23 


617 Wood, T. H.—Apparatus for manufacture of artificial fuei—March 7 
196 Fon:enay, T.—Smoke consuming furnaces 
Me punter, 5- 

0 
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9864 Welch, W.— stoves and fire grates—April T 
938 Holcroft.— April 2 " 
824 Guibal, T. - Ventilators for m. EAS aod faraon Maro 52 
666 Jennings, J. G.—Chimneys— 
Hi Tillam, T:—Means 

4 Normandy, A. R. solarias pu arat gas and other pipe March 18 
6i Bes, LA arcae hx re intina (is d the flow o E panty -March 1 


the flow of gaseous an d die (2 Mareh es 
gas to railway cars, ateamboats, omnibuses, &c.--- 


pr 
869 Smith, E Wet pum M 


978 Find, E; E, psc qoe pedir or 


DERE es uie deu. [rioting apparatus Marcb 18 
" PES 
108 Paterson, A.—Eleciric telegraph Caldes March 14 
bee, W.—Colour -Machines for lotter- or block-printing— Mar. 3 
771 Cumming, J.—A; Leg machines and setting up type - March 19 

916 W., and ý ig ana pinia types—April 1 

1147 Parkes, A.—. sarface-printing, EC eae 19 

1490 Ames, y, Ta card ating. preds Alay 10 


Tet — A.~ Prin rT idem ams ceramic Wiros; aleo on mptallie 


(com.)—: 


1847 Caley, J. W., and T. Q.— Textile fabric—A pril 29 
618 Ball, T. and W., Wilkins, J.—Man 
e Patrem. V , llandervon, W. A. and R.—Finishing woven fabrics — March $ 


Cunningham, J. and 
125 Wickstone, W. —Manufacture of piled fabrics— March 15 
158 Black, 8.—Manufactare of Mere gm &o. in circular sr i Marth 18. 
768 Brooman, J R. A.—Laoe embroidery, ko- (om. .,— March 19 
816 Henson, W.—Knitting machines— 
946 Wilson, D.—Cotton ELT 
T83 Kay, R.- Printing cation Maroti 21 
852 Corneillan, J.—Treating 
944 Kemp, W., and Cowley, T. 
899 Schmolle, B.—Crinolines— March 51 
116 Smadja, J.—Bustles and crinolines—March 5 
175 Hill, A.—Fastening for staye—March 20 


1162 Callebant, C.—Sewing machines. 

2040 Newton, A. V. arem x -machines (com.) — March 16 

188 Bousfield, G. —Cranks for driving seiring mi -machines (com)— March 17 
901 Clements, J. M.—Sewing machines — March $1 


oa pp G. rm eri ins i EE 8 ica 

B —A us for Wing — 1 

625 Piatt I., and Sarton W.— Machine for aing gmin- cotton from seeds — March $ 
1261 Newton, W. E.- Machines for picking and cleaning wool &c. (oom )— april 29 


697 Bomervili, J., and R. M., and Blanc, M. Manufacture of boote and shoes— 


600 Becky, Manufacture of boota and shoes— March 6 

687 Wadsworth, James Moveable heels for boots shoes—March 18 

128 Stocker, 8., and K. Metal boot-heels, tips, and horse-shoes— March 17 
1612 Boisset, P., ; and Antognin! B, Man Ure of boota and shoes— May 29 


cocoons of ailk—March 27 
— Pile fabrice—April 8 


645 Nosworthy W.S. pik ial 19 
886 Clinton, J. Flutes—! 
1945 Samson, G. K, Valves for wind muasical ee 19 


T98 Davis J. Wind musical instrumente—March 23 


715 Petit, G. B. ji praratis for beating water &c.—Marcl 15 
799 Gladstone, R. ---Tipping waggons— March 22 
934 Clark, W. A Linge for manifold writing (com.)—April 2 
941 Newton, J ction of r piers &c.—April 8 
1044 Mathias, J. Apparatus for pressing and ironing straw hate—April 11 


777 Smith, É. — Apparatus for catt non= March 20 

802 Jennings, J.— Manufacture of b. 

e Hey oe for reversible belta &c.—March 24 
undi Mangies—March 26 


and Burke, M.. Invalid chairs &c.— 4 pril 8 
1089 Holand, Wy Mapufacture of joints in umbrellas &c. —April 11 
949 Richards, W. A.— locks, fastenings &c.—A pril 8 
951 Woodall, J. F.—Ven! ing carriages &c.—April 4 
1419 Pope, J.—Apparatus for lowering and loading Sota &c.—May 12 
1813 Wood, J.— Manufacture of driving straps or banda &c.—June 19 
703 Birk! G.—Trusses (com.)— March 14 
106 Gabler, L., and [pss called lae air dl of articles in ivory and bone — Marsh 14 
711 Coles, A. and W.— for cases of hernia — March 15 
114 Kottula, N. Manufacture of combined sospe— March 15 
1895 Oxley J.— ig igno for mashing &c.—May 9 
1491 Thom xd Mee H for e jars, «c.—May 16 
ei SH. and M J.—Venetian blinds—May 28 
. J. —Bridle heads, reins, and bita, — March 7 
tography (com.)-- March 10 
948 Mann, A E Photograahi phis apparatus: April 8 
648 Calow J. T.—8afety mining apr apparatus applicable to hoista — March 1e 
657 Camp, E. G.—Brushes— warch 
659 Wilson, T. B., and W. -Aparatas for splitting cane - Merch 11 
989 Botton xe ratore—A at á 
1218 A. C.— Re! Coran 
568 Martin, L. Penfold, 0.- Candle lamp—March 1 
681 Palmer, [A —Mannfacture of candies—- x arch 8 
iria lighters—A pril 3 
H.—Latnps and a for lighthouses &c,—Aprll 30 


932 Moore, T.— tackle—a 
679 eres arr Mie Ier and bags — ; Rar 8 
688 Schafer, P., and T. — teans &o-- 


92161 White, H. Z Shirt volans July $0 30 


1107 Newton, W. B. es chine artificial teeth (com. )—. AE 16 
662 Devis, G.—A aftificial teeth (com.)—M 
1757 Longbottom, A. cial stone—June 18 


656 Keraubret, O., "ud J.—Ornamenta for bui:dings—Warch 11 
H.— Imitation mosaics end Maren a7 37 
atahes — April 1 
924 Bcratton, G.— Window blinds—April 2 
i£ Lord, W. B. - Hame slip — March 31 
$91 Tyler, W.—Composition for feeding dogs, pont e 
elbausen, F. —Cigar tubes &c. (oom. ;— March 


&c. — March 21 


J.Drayton Wyatt, dal? 


ORNAMENTAL KEYBOWS IN THE INTERNATIONAL EXHIBITION, 1862. 
Designed by J.Drayton Wyatt. Archt 


Nov. 1, 1862] 


ORNAMENTAL KEYBOWS IN THE INTERNATIONAL 
EXHIBITION, 1862. 
(With Engravings.) 

Tur various designs which are illustrated in our plate com- 
plete the series commenced last month, and as the same principle 
of manufacture has been applied throughout, it is needless to 
add anything, by way of deacription, to what was then given. It 
will be remarked, however, that in the present plate the subjecta 
are larger and more elaborate, also that the centre one is a 
strictly masonic design, in which an attempt has been made to 
combine several of tlie symbols aud mottoes used among the craft 
in a complete and symmetrical manner. 


——— M »————— 


THE PROPOSED RESTORATION OF ST. DAVID'S 
CATHEDRAL. 


From the remote and truly secluded situation of this cathedral, 
it is a building which has been hut seldom visited by the archi- 
tectural tourist, independently of which, the dilapidated aud 
forlorn condition into which it has from various causes been 
allowed to merge, offers a marked contrast to the most ill-fated 
of our English structures, which, however badly they may have 
been treated, have not been suffered to need subetantial repair 
by reason of the imminent peril to which their walls are now 
exposed through the unchecked ravages of wind aud weather 
during successive generations, as is the case at St. David's. In 
point of architectural interest, too, though it must undoubtedly 
yield to the greater pretensions of many others, there is a vast 
amount of curious and excellent detail, which, from this very 
fact of its having been left comparatively intact, is invested with 
a pecular interest. 

Some years ago the History and Antiquities of St. David's 
formed the subject of an elaborate and well illustrated work, 
compiled by Messrs. Jones and Freeman; and this book has un- 
queationably assisted, if not in a great measure raised, the move- 
ment which is now in operation, with a view to the preservation 
and gradual restoration of this valuable architectural specimen. 
A report on the subject has been recently laid before the cathe- 
dral authorities by Mr. Scott, and we shall presently briefly 
extract from such portions as indicate the peculiar necessities of 
the case, and the mode in which it is recommended that they 
shall be met. It is perhaps desirable however that some intro- 
ductory allusion should be made to the history of the cathedral 
itself. One of the most curious of these is, that apparently no 
traces remain in the existing structure of the original building. 
The earliest portion of the present cathedral dates back to about 
the year 1180, when Bishop de Leia appears to have commenced 
upon a plan exactly co-extensive with the existing building, with 
the exception of the chapels eastward of the choir and trausepts. 
This period of rebuilding was one of especial importance in the 
history of Medieval architecture, being the exact juncture at 
which the Romanesque or round-arched style was in a state of 
transition into the pointed-arched style now vernacularly known 
as Gothic; being, of all periods of our old architecture, the one 
which is most strongly characterised by energetic effort and rapid 
advance. It was just before this that the Church of St. Cross, 
near Winchester, had been erected, which is a most marked 
typo of this t transition. Simultaneously with the work at 

t. David's, the rebuilding of the eastern portions of Canterbu 
Cathedral was being brought to a conclusion in a manner which 
establishes it as one of the great landmarks of church architec- 
ture; at the same time, also, Archbishop Roger, of York, and 
Bishop Pudsey, of Durham, were carrying on the same great 
work of art reformation in the North; while, in the South, the 
rebuilding of the Abbey of Glastonbury was in progress—a work 
which evinces & rery irect relationship to that at St. David's. 

The whole of the building as erected at this period was, so far 
as we can tell, prepared to be vaulted with stone, chiefly on the 
principle designated by Professor Willis as *' sexpartite" vaulting; 
although it would not appear that any part of the vaulting was 
actually carried into execution. It is not known how long the 
work, commenced in 1180, occupied in ite completion, or indeed 
whether it ever was completed at all. Unfortunately, in 1220, a 
sad catastrophe occurred to the new work, in the fall of the cen- 
tral tower, in which it would appear that the choir and transept 
suffered severe injury. The piers and arches which support the 
tower afford distinct evidences of the reconstruction after this 
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catastrophe; the western arch, with ita two piers, belonging to 
Leia’s work, while the three remaining arches are the t of 
the reconstruction. 

The choir, it may be assumed, owes its general design as now 
exhibited, to the reconstruction after 1220, and the same probably 
extended to a considerable degree to the eastern sides of the 
transepts. About this time, too, that extensive addition of 
chapels, which subsequently so much altered the eastern portion 
of the church, would seem to have been commenced, and the 
aisles of the choir were prolonged far to the eastward, and con- 
nected towards their extremities by a cross aisle, having on ita 
eastern side arches opening into (or prepared to open nto) a 
lady-chapel; by which arrangement a void space, open to the sky, 
was inclosed between this cross aisle and the east end of the 
choir, to avoid interference with the light of the east window. 
This scheme, though a peculiar one, is not an isolated example; 
a similar plan having been carried out at the east end of Glouces- 
ter Cathedral, as well as in the Abbey Church of Tewkesbury, 
and the Priory Church at Great Malvern. 

Bishop Gower, who held the aee from 1328 to 1347, seems to 
have been one of the atest builders of his time, and he set 
about a general work of assimilation of the somewhat discordant 
elements of which his cathedral consisted. The entire aisles of 
a a ce Tarne s the nave, the mon er the eastern 
cha; appear to have been in a ter or less de; recon- 
stricted and remodelled by him. Those of the nave ware altered, 
and one, the South, entirely rebuilt, with many other decided 
changes of various kinds, including the erection of the rood-screen, 
and the introduction of a considerable number of rich and beauti- 
ful monuments into the cathedral. In the succeeding century, 
and the beginning of the one that followed it, a number of minor 
alterations were made; but the most important works were the 
conversion of the void space beyond the east end of the choir 
into an iy n chapel, by Bishop Lloyd— though the improve- 
ment was dearly purch at the loss of the east window—and 
the reconstruction of the roofs generally, including the gorgeous 
roof over the nave, &c.; thus giving to the church, in the main, 
ita present form, subsequent changes belonging more to the 
history of its degradation than ita construction. This general 
outline will suffice as a key to the pasts and will help our refer- 
ences, in regard to the future, as embodied in the report to which 
we have alluded. 

The first great case of dilapidation instanéed by Mr. Scott. 
relates to the tower, which is placed, as usual, at the intersection 


‘of the four arms of the cross, and of which we have already stated 


that after the fall of the first tower, in 1220, the two eastern 
piers, with three of the arches, were rebuilt; but the western 
piers, with one of the arches (subject to some increase of strength), 
were allowed to remain. This might have been set down from 
the first as a dangerous e pui and so it has proved. The 
old portions which remained have been constantly crushing and 
giving way, and the olderand newer parts have become disunited 
to a most marked degree, which other causes have tended to 
increase; so that the present condition of the tower is in the 
highest degree alarming, more especially since, in consequence of 
the fact that of its four supporta two are sound, while the other 
two are wholly untrustworthy, an ominous crack is visible u 
the north and south sides. To remedy this great failure, it is 
proposed to construct an efficient system of shoring, such as 
would be capable, if necessary, of sustaining the entire load 
which now resta upon the damaged piers. The general course 
to be followed would be this:—1st. To bind together the walls of 
the upper stage of the tower with massive ties of iron, aided by 
stays of timber, so as to render it impossible for the walla to 
spread: then to construct incompressible foundations, upon which 
the shoring is to rest. 2nd. To contrive and frame the shoring 
necessary for the purposes just stated. The operation of recon- 
struction would be done very gradually, and in small portions at 
a time, a movable system of shores being used to sustain the 
work in immediate contact with the parts operated on, and capa- 
ble of being shifted from time to time as the work rises. ; 
The nave has suffered materially from the sinking of the west 
side of the tower, and this has occasioned a westerly movement 
throughout the whole of the nave arcade and clerestory, throwing 
all the pillars out of the perpendicular, and crippling and dama- 
ging the arches and many other parts. Mr. Scott “fears that it 
would be useless to attempt to rectify either of these displace- 
ments, and that the utmost which can be done will be to prevent 
farther movement, and to repair the direct injury which has been 
74 
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sustained by the stonework.” Externally, the nave requires much 
repair and restoration, as well as the completion of its cleaning 
from whitewash. The clerestory, too, has been sadly mutilated ; 
and, of its windows, some have been walled up, some altered from 
their original forms, and the parapet has been entirely renewed in the 
most uncouth manner. The north wall is buttressed by huge and 
unsightly masses of stonework. Some of these would appear to 
be connected with the ancient cloister of the college, and the 
question of their treatment must, for this reason, depend upon 
circumstances. The west end has been entirely rebuilt, and that 
with very little regard to its original design. This old design can 
in some menare fe recovered by the help of prints, &c., aud 
Mr. Scott therefore proposes to reproduce it so far as it is possible, 
but retaining, with some modification as to their forms, some 
of the present constructive features. Passing by some minor 
facta alluded to in the report, we read concerning the choir, that 
its "interior stonework is not in very bad condition," though 
“the arcades are at present walled up, in consequence of the 
unroofing of the aisles. . The south aisle of the choir 
is partly a ruin, and partly converted into a porch, or thrown into 
the modern chureh, which has been formed out of the south 
transept.” This will have to be brought back to its original form, 
re-roofed and restored. The aisles will have to be newly floored, 
but the eastern arm itself has a fine old pavement of encaustic 
tiles, which will of course be preserved. In one of the altar- 
steps is a singular relic of ancient ritual usage—viz., the mortice 
which originally received the lectern for the Gospels and Epistles; 
such instances are now rarely to be found. The original east 
windows were in two ranges; a beautiful triplet below, and a 
up of windows (now lost) above; the former was walled up by 
ishop Vaughan, and the latter was, in the 15th or 16th century, 
converted into a window of the style of that period, and this, 
being now quite decayed, will require renewal. There is a build- 
ing, adjoining the north transept, which contains on the ground- 
floor the chapel of St. Thomas; and above, the chapter-house, 
and another still higher chamber. This building is mainly of the 
14th century, and was of very excellent design, though now 
reduced to a miserable condition. 

From an-examination of the internal iunge it appears that 
the stone screen of the choir (the work of Bishop Gower, and in 
part his monument) is in a fair state of repair. The choir stalls 
Also (the work of pn Tulley) are in a tolerable state of pre- 
servation ; while the bishop's throne, as well as the eastern acreen 
dividing the presbytery from the choir proper, demand extensive 
repairs, and the renewal of some portions. This latter screen, it 
may be noted, is remarkable for being unique in its position. The 
choir is now filled with the unseemly pews so common till lately in 
allour cathedrals, and these will necessarily be replaced by entirely 
new aud more suitable fittings. 

There are some questions open to consideration as to matters 
juvolving a certain degree of departure from the forms in which 
sundry portions of the building have come down to us. Thus, all 
the parta of the building have been either vaulted with stone or 

repared for such vaulting. In a great majority of instances this 
bas never been carried into execution; and the question arises 
whether, in a restoration of the building it would be right and 
expedient to carry out this intention of the builders, or, if the 
walls are insufficient for its support, whether the intended forms 
may not be carried out in oak. inst either of these proposals 
there are, as regards the choir, objections; in the one ease insu- 
perable, and in the other of considerable force. As regards the 
nave, the objection is twofold: first, the walls are not in a con- 
dition to support stone vaulting; and, secondly, the existing roof 
is so beautiful as to render the idea of any change absurd. The pre- 
sent choir roof, though not particularly firm, possesses some beauty 
aud historical interest, besides being susceptible of reparation, 
while the addition of stone vaulting would be a rash experiment, 
and there is also an uncertainty as to the design of the once- 
intended vaulting. Such objections do not, however, occur as 
regards the transepts, where the roofs are worthless, and the 
walls will not carry stone vaulting, so that there appears no objec- 
tion to completing the original] design in oak, since its indications 
areclear. In one instance in the cathedral, the system of placing 
timber vaulting upon stone springers has been carried out by the 
old, though not the original builders, and that is in the vaulting 
within the tower. l 

The estimate as to the cost of the works enumerated in the report 
is from £27,500 to £30,000, according to the mode of carrying out 
certain parts, which have been left open to consideration. 
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MODERN ARTILLERY. 


Few departments, if any, in the International Exhibition of 
1862 show so marked and rapid an advance in inventive genius 
and constructive skill as those devoted to the appliances of war, 
not only as seen in the plated vessels, deemed until recently 
practically invulnerable, but more especially in the terrible ord- 
nance and ammunition with which the artillerists have taken up 
the challenge of the armourers. 

The once famous Lancaster gun, with its oval spiral bore, is 
exhibited, it may almost be said, as an obsolete engine, having an 
interest chiefly historical; and showing the first general applica- 
tion of rifling to large guns in the British service. The substi- 
tution of bolts for round shot, the successful use of percussion 
shells, and the singular advantages found in special modes of 
constructing the front and rear of a projectile, all take their rise 
from the adoption of rifled ordnance. 

Captain Blakeley's gun is couspicuous for its peculiar form of 
rifling. It is also deserviug of notice as an early application of 
the system of building large guns by means of hoops placed over 
an inner tube. It has been asserted that the idea originated in 
America; but be this as it may, to Captain Blakeley nppears due 
the prominent advocacy and working out in this country of a 
principle which, with certain modifications has been adopted 
gens in the manufacture of our heavy ordnance. We most 

owever except the ponderous Mersey gun of 10-inch calibre, 
which, with a charge of 20 lbs. of pewder and a 136 lb. round 
shot, shattered, at 210 yards range, a 4j-inch iron plate, the frag- 
ments of which are displayed beside it. This gun, forged out of 
the solid, is itself eclipsed by the monstrous pigce of ordnance 
from the same makers, of which such succeasful trial was made 
at Shoeburyness in September. 

Attention however, both within and without the Exhibition, 
mainly centres on two groups of guns and missiles; those exhibited 
by the War Department, and those of the Manchester Ordnance 
Company,—the Armstrong and the Whitworth. 

The principle adopted in the Armstrong ordnance and projectiles 
is sufficiently well known. The bore is cylindrical, and rifled 
with spiral grooves. The projectile has a coating of lead, and 
this metal being driven into the grooves on the discharge of the 
piece, the required spin is thus given. In speaking of the 
projectile it is impossible to omit to mention the concur 
sion and time fases, with which the shells made at the Royal 
Laboratory at Woolwich are fitted. These shells and fuses are 
shown in section under a sheet of plate glass, with explanatory 
diagrams. The principle is very ingenious and beautiful. The 
rupture of a piece of metal within the fuse is occasioned by the 
shock of firing. This liberates the detonating mechanism, or 
fires the time fuse, as the case may be. In the former case, the 
shell bursts on striking an object; in the latter case, the explosion 
takes place any required number of seconds after firing, as regu- 
lated by the aid of a graduated scale on the fuse. S is, per- 
haps, scarcely necessary to add that these fuses are applicable to 
shell fired from any description of rifled gun, and that their 
merits have therefore no essential connection with what ia kuown 
as the “ Armstrong system." The guns turned out from the 
Royal Factory at Woolwich are admirable specimens of work 
manship; and as not only the undoubted abilities of the inventor, 
but all the scientific and material resources at the disposal of the 
Government, have been lavished on the improvement of the arm, 
it is reasonable to conclude that it is as efficient in all respects a3 
ordnance made on this peculiar system ever will be. We must 
also suppose that the authorities of the War Office felt pretty 
well satistied before ordering upwards of 4,000 guns to be made 
on the Armstrong principle. 

But however pleasant it may be to take the most favourable 
view of a weapon in the construction of which such vast sums 
have been expended, and for which a special drill has been intre- 
duced into the service, the facts can no longer be disguised. The 
Armstrong gun and projectile have serious inherent imperfec- 
tions; have proved unequal to the contest with the armour plates, 
if success is to be measured by practically useful results; and in 
precision, range, and penetration have on every fair trial shown 
a marked inferiority to the Whitworth gun and projectile. 

Such difficulties have been found to oppose the successful cor- 
struction and satisfactory working of breech loaders after Sir 
William Armstrong’s pattern, that after ali the care devoted to it 
the naval gun must be regarded as a failure. In military service 
the liability of the lead coating to strip, and thus endanger troops 
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over whose heads it may be necessary to fire, isa serious drawback, 
which seems to be scarcely compensated by the circumatance that 
the seattering of the lead also increases the execution among the 
enemy. This evil is found to prevail chiefly when the lead 
coating is soldered on after Sir W. Armstrong’s method. When 
attached by undercutting, on Mr. Bashley Britten’s plan, the 
danger of atripping is considered to be much abated. 

In the contest with the Armour plates, the Armstrong gun 
cannot be considered to have come off with triumph. Within 
the limits of weight ordinarily assigned to ship's guns, no Arm- 
strong ordnance has effected anything against the “ Warrior 
target,” even with solid projectiles. So completely, indeed, had 
the plates foiled the rifled gun, that the opinion was expressed but 
a few months since by a high authority, that the massively plated 
sides of such vessels as the Warrior arf Black Prince could, at a 
short range, be more effectively assailed by round shot from 
enormous smooth-bore guns than by bolts from rifled ordnance. 
For any given calibre and charge of powder the round shot, hav- 
ing less weight than the bolt, is more readily set in motion, and 
therefore issues from the muzzle of the guu with greater initial 
velocity. This velocity indeed is rapidly reduced, while that of 
the bolt is but slowly retarded, so that the bolt retains great 
penetrating power at ranges at which the force of the round shot 
is entirely spent. But at 200 yards the round shot strikes the 
target with about the same momentum as the bolt, and with 
greater velocity. It was therefore thought that at such short 
ranges the most destructive missile would be the spherical shot. 
In this hasty inference no account seems to have been taken of 
the form and material of the front of the projectile; the tendency 
of spherical shot to glance from a surface struck obliquely; or 
the comparative fitness of round cast-iron and sharp-edged steel 
for perforating iron-plate. The idea of the moment was, that 
under certain circumstances it would be necessary to abandon 
the improvements of science, and fall back upon the hazardous 
and costly expedient of monstrous smooth-bore guns, with 
tremendous charges of powder. That such artillery would 
readily destroy any plated vessel that could be induced to anchor 
within a furlong of the battery, there can be no question ; and until 
the experiments at Shoeburyness in Septem ber last, it seems to have 
been presumed that equally destructive resulta could not be 
obtained with rifled ordnance of moderate calibre. To shell, 
vessels protected with even 24-inch plates were considered invul- 
nerable, unless under a plunging or vertical fire directed on their 
decks. The Armstrong shells having always failed to penetrate 
the plated targeta, this point at least was regarded as settled. 

In the Autumn of lost vear a 12 ton smovth-bore gun, with a 
charge of 50 lb. of powder, and a 156 lb. round shot was used 
against the “ Warrior target” at 200 yards, and did considerable 
damage. But the effect of these heavy charges upon the gun 
itself were very discouraging, and augured but ill for the 20 ton 
gun then projected, as to the performances of which the most 
sanguine predictions had been hazarded. This 12 ton gun had 
been built up with external hoops of coiled wrought iron, after 
the method already alluded to, and practised for years by Mr. 
Whitworth and other artillerista; although by a curious misnomer 
it has sometimes been spoken of as the * Armstrong coil system." 

In the Whitworth gun, rifle grooves and the consequent occa- 
sion for a lead-coated projectile are avoided. The bore is hexa- 
gonal, with the requisite twist, and the shot or bolt is made truly 
to fit the bore. The form and proportions of the projectile, and 
the rate of spin best suited to each calibre, have been arrived at 
by means of careful and exhaustive experiment. This rate of 
apin is in every case rapid as compared with those adopted in 
the Armstrong gun. The projectile as well as the gun being 
finished in a lathe, the axis of the former always accurately 
corresponds with that of the latter, so as to secure perfect smooth- 

.ness and steadiness of motion as the bolt issues from the gun. 
Instead of the projectile being retarded by the clinging of a lead 
coating in grooves, the friction is reduced. to a minimum; and in 
the breech-loading 12-pounder the bolt, close though the fit is, 
can be trundled from the breech right out at the muzzle by a 
thrust with a stick. This mechanical exactness of finish suffici- 
ently accounts for a greater initial velocity in the Whitworth as 
compared with tue Armstrong projectile. The same cause, 
coupled with the greater rapidity of spin, fully explains the alto- 

. gether unrivalled precision of shooting of the Whitworth gun; 
and it isdoubtless mainly to these properties that the remarkable 
advantage in range which it has been proved to possess over the 
Armstrong gun is attributable. But the flight of the Whitworth 
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bolt is also assisted by the manner in which it is tapered towards 
its rear, for much the same reason that the sailing of & vessel is 
improved by reducing the hull towards the stern. 

But length of range and precision are not the sole qualities to 
seek in artillery. The destructive power of the projectile itself 
is a most aterial point. In this respect the solid shot of 
Mr. Whitworth have now for a long tine held an uncontested 
superiority. His flat-headed hardened bolts are found, after 
passing through several feet of water, to retain sufficient penetra- 
tion to go through the unprotected bottom of a ship. Above 
water they riddle the thickest iron-plates hitherto employed for 
ship armour, and this even when they strike obliquely. The 
53-inch calibre bolt that pierced the plated side of the Trusty, in 
May 1860, is exhibited among other projectiles, and really looks 
not much the worse for the encounter. 

But the performances at Sheoeburyness in September last 
throw all that had been previously effected iuto the shade. A 
Whitworth flat steel-frunted shell, weighiug (with its bursting 
charge of 24 lb. powder) 70 lb., was fired with only 12 lb. of 
powder at a target representing the side of a plated vessel. 
The outer plate was of 4-inch iron, behind which was a strong 
oak box, plated at the, back with 2-inch iron. The range was 
200 yards. The shell went through the 4-inch plate, and ex- 
ploded behind it, shattering the box to pieces. The production 
of a shell of such moderate calibre, capable of piercing the 
thickest armour-plate, and exploding by detonation after pene- 
tration, must be regarded as the greatest triumph yet achieved 
by any artillerist. At 600 yards the 130 lb. Whitworth shell 
pierced the target and backing, exploded inside the framework 
with destructive effect, setting the supports on fire. The charge 
was 25 lb. of powder. When it is remembered that these shell 
will pierce water; that they will not glance from iron even at 
very oblique angles; that they retain great power of penetration 
at ranges of upwards of 1000 yards, and that they require but 
light charges of powder (compared with the monstrous and 
inefficient guns hitherto advocated), it will be seen that the im- 
portance of the invention can hardly be overrated. 

We are not of those who would argue that because much has 
been accomplished, more should be required. It is surely enough 
that the Whitworth ordnance has effected with moderate calibres 
what the most formidable guns in the service, though over- 
strained, have failed to achieve; and shelled a target previously 
deemed invulnerable to hollow projectiles. However deeply 
committed the country may be to further expenditure on the 
Armstrong gun, it would be a disastrous economy to intrust our 
defences any longer to a second-rate and baffled weapon, leaving 
its terrible rival to become the prize of some watchful and 
emulous neighbour. 

——— - ————— 


INTERNATIONAL EXHIBITION, 1862.—JURY REPORT. 
CLASS VIIL—MACHINERY IN GENERAL. 
Subdivision 1.— Prime Movers, 

Section L—BorrERs, Furnaces, &c. 

With a few exceptions, the actual boilers exhibited (as distin- 
guished from drawings and models) belong to traction engines, 
or to portable or semi-portable steam-engines; and those hoilers 
are marked on the whole bv efforts made with greater or less 
success to economize space, and to facilitate cleansing and repairs 
by means of improved arrangements of the heating surface, or 
otherwise. The following examples may be cited:—Brav’s 
traction-engine (United Kingdom—1805), Ransomes and Sims 
portable steam-engine (United Kingdom—1961), J. Taylor and 
Co/s traction-engine (United Kingdom—2004), Tuxford and Son’s 
engines (United Kingdom—2195), J. F. Cail and Co:s engine 
(France—1144), Farcot and Son's condensing steam-engine (France 
—1152), Hediard’s boiler (France—1131), Laurens and Thomas’ 
boiler (France—1151), Zambeaux’s portable boiler (France—1137), 
Albaret and Co.’s portable steam-engine (France—1207), Henschel 
and Son’s boiler-tubes (Hesse-Cassel—434). 

Many of the boilers are provided with the means of super- 
heating steam, either by passing it through tubes in the smoke- 
box, or by enclosing the steam bet in à smoke-box or flue. 

In the engine exhibited by Mr. Wenham (United Kingdom— 
2019), the steam, after having performed part of its work in a 
smaller or high-pressure cylinder, is supplied with heat while in 
the act of expanding during its passage from that cylinder to the 
larger or low-pressure cylinder. This application of heat to steam 
is at once sound in principle and successful in practice. 


330 


The moet new and unusual in form of the boilers exhibited is 
that by Mr. Harrison (United Kingdom—1877) which is an 
American invention. It consists of a number of hollow cast-iron 
globes, all equal and similar, connected with each other through 
cylindrical necks or short tubes, the whole being bound together, 
in a rectangular arrangement, with wrought-iron bolts. A 
boiler of any required size can at once be e by building and 
bolting together the proper number of globes and necks. The 
water and steam are inside, the fire outside. 

M. Grimaldi (Italy—i001) exhibitaa cylindrical boiler, contain- 
ing either flues or tubes for the flame, and turning slowly about 
a horizontal axis, so as to bring every part of the surface in con- 
tact with the liquid water and with the steam alternately, in 
order to increase the efficiency of the surface in raising steam, 
and prevent over-heating and corrosion. 

The boilers shown by Mr. H. Cater (United Kingdom—1814), 
(presenting a peculiar arrangement of tabes), although they were 
set up too late to be the subject of an award, may here be men- 
tioned, as being at work in the boiler-yard of the western annexe, 
with satisfactory results. 

The following articles fall especially under the head of furnaces 
and their appendages:— 

An apparatus for promoting perfect combustion and preventing 
smoke, by using very small jets of steam to blow streams of air 
into the furnace, is exhibited by Mr. D. E. Clarke (United King- 
dom—1822). Its practical success has been well-established. It 
is at work in the boiler-yard. 5 

Siegburg's improved grate (Prussia—1320), and Schulz, 
Knaudt, and Co.'s tire-box (Prussia—1318). 

In M. Hubazy's portable engine (Austria—569) the furnace is 
adapted for the burning of straw, a most useful contrivance 
where other fuel is acarce. 

The apparatus of M. Steenstrup (Norway—213) is intended for 
the prevention of rust in boilers. The exhibitor takes advantage 
of the chemical affinity of chloride of calcium for water, so as to 
dry completely the rust already formed, which consequently falls 
to powder and detaches itself from the boiler. 

he “ Hydratmo-Purificateur," or water-softening apparatus, 
exhibited by M. Durenne (France—1163), purifies water from 
salts of lime by the aid of its property of depositing such salts when 
raised to a high temperature. A rectangular case contains, one 
above another, a series of horizontal trays or platforms, heated 
by means of the waste steam of the engine, which enters at the 
bottom of the case, and slowly ascends. The water to be purified 
is introduced at the top, and trickles from tray to tray, becoming 
heated by the condensation of the steam, and depositing parts of 
its salta of lime on each tray, until it is discharged at the bottom 
of the apparatus, completely softened, and at a high temperature; 
so that the heat of the steam employed is not wasted. By open- 
ing the front of the case the trays are taken out, from time to 
time, and cleansed. The practical working of this apparatus is 
most efficient. 

Mr. Siemens’ regenerative furnace (United Kingdom—1987) is 
well known through descriptions which have appeared in the 
Transactions of the Institution of Mechanical Engineers, and the 
Reports of the British Association for the Advancement of 
Science., 

Sgcrion IT.—Laxp SrEAM-ENGINES. 

Of the land steam-engines, some are fixed, or semi-fixed, some 
portable, and some are road locomotives, or * traction-engines.” 

Amongst the fixed and semi-fixed engines, although a few good 
examples of beam-engines and vertical-engines are to be found, 
the horizontal construction generally prevaila; probably owing to 
the ease and convenience with which all parts are accessible. In 
some cases, as in the machinery of Messrs. Manlove, Alliott, and 
Co. (United Kingdom—1924) and Messrs. Whitmore and Son 
(United Kingdom—2023), a horizontal engine is used to drive a 
vertical shaft directly, which is a good arrangement for corn-mills 
and centrifugal machines. 

Many of the Hiep in are employed to drive machiuery 
belonging properly to other classes; and in such cases it is the 
steam-engine alone thst falls ander the consideration of the Jury 
of Class VIII. 

In other cases the steam-engine drives some piece of mechanism, 
such as a hoist, a crane, a pump, a blowing-machine, &c., belong- 
ing to a different subdivision of Class VIII., and in such cases 
any explanation which may be required of the machinery so 
driven will be found in the proper subdivision of this report. 

With respect to the steam-engines in the present Exhibition, 
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as compared with those of 1851, it may be observed that they 
show an increased employment of high-pressure, great expan- 
sion and superheating, an in use of surface condensation 
(generally effected by means of a t number of small horizontal 
tubes) a tendency towards simplicity in the framing and main 
moving a general abandonment of devices that are more 
curious than useful, and a higher perfection of workmanship and 
finish ; all of which improvements combine to produce greater 
economy of fuel, power, and repairs. 

Setting aside merit of a kind that does not require special ex- 
Vasto, such as simplicity, good workmanship, practical success, 

c., the following remarks may be made as to those engines which 
present new and unusual features :— 

Manlove, Alliott, and Co. (United Kingdom—1924) exhibit a 
pair of horizontal engines for working centrifugal machines, 
which are placed with their cylinders bottom to bottom on one 
frame; so that the tendency to strain the frame, which arises 
from the inertia of the moring parts, may be balanced by making 
the pistons move in opposite directions. 

e double-cylinder expansive engine, in various modifications, 
is numerously represented. In the engine of Mr. Wenham 
(United Kingdom— 92019) the steam is superheated in its poseage 
from the small to the large cylinder (See Section I.) In Messrs. 
May and Co/s engine (United Kingdom— 1927) the dead-pointa 
are done away with by placing the cranks of the large and small 
cylinders at right angles to each other; the steam being ex- 
hausted from the small cylinder into a wrought-iron reservoir, 
jacketed with high-pressure steam from the boiler. 

Tn one of the engines exhibited by Carrett, Marshall, and Co. 
(United Kingdom—1813) the dead-point is passed (though its 
effect is not wholly done away with) by placing the cranks of the 
smal} and large cylinders not directly opposite each other, bat at 
& very obtuse angle. (This arrangement has also been employed 
in Craddock's engine.) The opposite, or nearly opposite motion 
of the and small pistons is well known to be favourable to 
balance of inertia, and also to a good distribution of the steam, 
by enabling it to pass in the most direct manner from either end 
of the Ek cylinder into the adjoining end of the large cylinder. 
In the drawing of M. Delandteheer's engine (Belgium—265), the 
cranks for the large and small cylinders are exactly opposite in 
direction, and the dead-points are done away with by combining 
a pair of engines with cranks at right angles to each other in the 
usual way. 

The end-to-end double-cylinder arrangement is exemplified in 
the engine of M. Scribe don Pew Rehd and in a model in the 
United Kiugdom division, which is not numbered nor mentioned 
in the catalogue.* | 

For producing variable expansion, the system most frequently 
employed is the ordinary link motion; and next in order as to 
frequency, the link motion with a separate expansiun-valve 
driven by a third eccentric. In Messrs. Ferrabee's engine (United 
Kingdom—1852) the expansion-valve is driven by a straight- 
link motion of its own, worked by means of two eccentrics on & 
shaft, which is made to turn at double the speed of the engine- 
shaft by means of a pair of toothed-wheels. 

In many cases also, and especiallv in the foreign engines, the 
variable expansion is produced by means of the compound slide, 
regulated in some cases by hand, and in others by the governor; 
and amongst the latter class may be specified the engines of the 
Magdeburg-Hamburg Steam Navigation Company (Prussia— 
1312), the Sprottau Iron Works (Prussia——1321), Farcot and Co. 
(France—1152), C. T. Porter (United States—29). In Messrs. 
Farcots engine, the action of the governor upon the variable 
expansion is very exact and perfect, owing mainly to the oon- 
struction-of the governor, in which, by a liar mode of suspen- 
sion and counterpoise, there is obtained a sufficiently accurate 
practical p rne to the theoretic accuracy of the parabolic 
governor, but without its complexity and liability to derange- 
ment. (For details, see the report of M. Tresca to the Société 
d'Encouragement pour l'Industrie Nationale, published in their 
Bulletin for 1861.) In the governor of Mr. Porter's engine a 
similar result is obtained by using light balls and a high speed 
with a heavy vertical load to balance the great centrifugal force. 
The figure and movement of the side-valve in this engine are of a 
peculiar kind, suited to open and close rapidly with a oompara- 
tively small travel. 

The pumping-engines of Mr. Steele (United States—38) and 
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of Mr. wort iuge United States—28) are remarkable as being 
engines of rapid stroke without fly-wheels. In the former there 
is a single cylinder, whose slide-valve is moved when the piston 
is at its dead-points, by an apparatus which is in fact equivalent 
to a small auxiliary steam-cylinder. In the latter there are a 
pair of equal cylinders, working at half a stroke behiud each 
other, the slide-valve of each cylinder being shifted by the piston 
of the oth». 

In M. Schentz’s rotatory steam-engine (Sweden—273) the 
advantages of simplicity and compactness, which the rotatory 
engine is admitted to possess, are combined with the power of 
working expansively in a very perfect mauner; while at the same 
time the disadvantages of engines of that class are to a great 
extent overcome; for the pressures at the shaft are balanced, the 
sliding vanes or pistons are relieved of pressare while they are 
passing the stops; and the steam-tight bearings, when worn, can 
all be tightened at one operation, in consequence of the conical 
form of the casing. 

The North Moor Iron Foundry (United Kingdom—1948) ex- 
hibit a steam-turbine which has been found to work efficiently, 
and which is convenient for driving fans, Lhe fan and turbine 
being tixed on the same shaft. M. Bourdon (France—1156) has 
a turbine driven by a current of water, which is itself driven by 
a steam jet. 

Of the single-acting Cornish engine one example only appears, 
represented by the model of Messrs. Harvey and Co. (United 
Kingdom—1880). . 

The traction engines to which awards have been made by this 
Jury are those exhibited by Bray's Tractiou Engine Company 
(United Kingdom—1805), J. Taylor and Co. (United Kiugdom— 
2004), Tuxford and Sons (United Kipgdom— 2195) It is well 
known that, although steam-carriages [us common roads are of 
old date, traction-engines, or road-locomotives, are of recent iutro- 
duction. All the three engines above-mentioned work well in 
practice. : 

Mr. Bray's is capable of acting as a portable steam-engine, 
a steam-crane, or a fire-engine, at will; the rim of each of its two 
driving-wheels is furnished with blades or spades, which can be 
pushed out or drawn in, according to the steepness of the road 
and state of its surface and the load to be drawn, so as to give 
just the required hold and no more. Messrs. Taylor's is marked 
by the merit of great simplicity. It has two driving-wheels, six 
feet in diameter, without blades. Messrs. Tuxford's has a single 
roller instead of driving-wheela; its engine is well protected 
against injury by dirt, and the engine-driver and steersman are 
together.* 


Secrion IIL —ManiNE STEAM-ENGINES. 


The general remarks as to progress since 1851, which have 
been made in Section IL, as to land engines, are applicable to 
marine engines alao. The improvemente in workmanship are 
even more striking. . 

A very large number of marine engines exhibited possess merit 
of a high order, as this Jury have testified by their awards. They 
have also indicated briefly in the reasons given for the awards, 
the particular kind of merit by which each engine is most 
distinguished. 

Of the marine steam-engines, by far the greater number are 
horizontal screw engines; the reason probably being that such is 
the arrangement best suited for ships of war, and that the engines 
of oie of war can more easily be spared for purposes of exhibi- 
tion than those of merchant ships. 

The horizontal engines are numbered as follows :—United 
Kingdom, 1891, 1902, 1926, 1955, 1964, 2632 (model), 1897, 1962 
(model); France, 1132, 1195; Sweden, 274. In this form of 
engine the space is more limited than in any other, and difficulties 
are thus caused which the skill of the engineer is exerted tu 
overcome in various wa: Hence arise great varieties in the 
details of the designs of horizontal engines. For example, the 
engines of Humphrys and Tennant (United Kingdom—1891) are 


* Mr. Yarrow’s steam-carriage (United Kingdom— 2038) was included in Class VIII, 
ot the Catalogue, although its place would have more properi been in Class V. (see 
Jury Directory, page 68). The Jury of Class VIIL examined it, and formed a very 
favourable opinion of its merit, so far as that could be ascertained by mere inspection. 
They were at first deairons of having ita performance practically tested on some road 
near the Exhibition ; but they were induced to desist from considering it further by the 
peliet that Be vasi about to be transferred to the class to which it properly belonged. 

nfortuna ief was erroneous; and the steam. in qustion has not 
been the aubject of any award. A eee oe x 
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marked by simplicity and accesibility; the action is direct, the 
stroke and connecting-rod short, and the cylinder of large 
diameter. Inother examples a longer stroke and connecting-rod 
are obtained in various ways: in those of Maudslay, Sons, and 
Field (United Kingdom —1926), Ravenhill, Salkeld, and Co. 
(United Kingdom—1962), Nouvelle Société des Forges et Chan- 
tiers (France 1195), A. W. Frestadius (Sweden— 27.4), and others, 
by double piston-rods; in that of E. Nillus (France—1132), by 
double piston-rods, connected with trunks in the air-pump, n 
construction which is also used in Britain; in that of G. Rennie 
and Sons (United Kingdom—1964), by trunks in the cylinders: 
in that of J. Penn and Sons (United Kingdom—1955) by trunks 
passing completely through the cylinders, &c. 

A peculiar arrangement of a duplex horizontal trunk-engine, 
in which the inside of the trunk is made available as cylinder- 
space by the aid of a fixed piston, is represented by a model in 
the British division of the Western Annexe, which is not men- 
tioned in the Catalogue. (Exhibited by Mr. E. E. Allen) The 
engine of M. Frestadius (Sweden—274) has conceutric donble 
cylinders. 

Amongst oblique screw engines may be mentioned ihose shown 
in the drawings of Armengaud (France—1181), and of Randolph, 
Eider, and Co. (United Kingdom—1960) the latter of which 
arrived to late to be adjudicated upou. 

As examples of the vertical inverted-cylinder gcrew-engine, so 
well suited for merchant ships, the engines of Morrison and Co. 
(United Kingdom— 1936), Tod and M‘Gregor (United Kingdom 
— 82009), and Richardson and Sons (United Kingdom—1965) may 
be noticed, as well as a model exhibited by Humphrys and Ten- 
nant (United Kingdom—1891), which will be again mentioned 
further on. The first three of these have surface condensers, the 
firat two with horizoutal, and the third with vertical tubes. The 
first two are very compact and convenient in their arrangement; 
the third may be regarded either as a working model or a pair of 
small engiues. The steam, before entering the surface condenser, 
gives out much of its heat to the feed-water, which traverses a set 
of tubes surrounded by the exhaust steam, 

The engines of Maudslay and Co. are accompauied by a very 
complete and wellexecuted set of moving models of marine 
engines, of a great variety of kinds, both paddle and screw. 

he engines of Humphrys and Tennant are accompanied by 
moving models of themselves, and also of a pair of vertical screw 
engines, noted for their efficieucy and economy in practice, being 
those of the Mooltan, these are double-cylindered expansive 
engines, each small cylinder being directly on the top of its large 
cylinder. 

V *sddis-Supiiéd are represented by working models exhibited 
by Maudslay, Sons, and Field (United Kingdom—1926); J. Penn 
and Sons (United Kingdom—1955) and Ravenhill, Salkeld, and 
Co. (United Kingdom—1962); and by the drawing of Messrs. R. 
Napier and Sons (United Kingdom— 1939). The model of Messrs. 
Ravenhill has feathering dies and oblique cylinders; while 
that of Messrs. Penn has oscillating cylinders. The only pair of 
full-sized paddle engines are exhibited by Messra. Escher, Wyss, 
and Co. (Switzerland —104). 

The valve gear and expansion gear of tho marine engines are 
very various. For reversing, the link motion is used in almost 
every case: an exception is dnd in the engine of the Mediterra- 
nean Company above referred to (France—1195), where the 
engine is reversed by a piece of wheelwork, which when acted 
upon by hand causes each eccentric to reverse its position on the 
shaft that caries it. In Humphrys and Tennant's engines an 
improvement in the construction of the link has been carried out, 
by making it of a single bar embraced by a slider, instead of a 
pair of bars with a slides between them. 

In some examples, the link motion is used for expansive work- 
ing; but in most, the cut-off is etfected by means of a separate 
expansion valve, the mechanism for working which presents a 
great variety of designs. 

Amongst various peculiarities of arrangement, may be noted 
that of the pair of horizontal screw engines of Messrs, Rennie, in 
which the cylinders are at opposite sides of the shaft; each 
cylinder js directly opposite the air-pump of the other; and each 
cylinder exhausts directly into the condenser by its side, so that 
exhaust-pipes bridging over the shaft are dispensed with. 

The horizontal trunk marine screw-engines of Messrs Penn, 
being exhibited by a member of this Jury, could not be made 
the subject of an award. They are accompanied by a model 
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already referred to, and b rate parts of engines, showing 
great perfection of anter And: workmanship. 


Secrion 1V.—WInpMILLs. 


The windwill of Wentworth and Jarvis (United States—54) is 
chiefly remarkable for its regulator, which consists of a pair of 
slightly diverging vanes, forming a sort of tail behind the cap of 
the windmill, and so connected with the sails, that when the 
vanes, by the increased impulse of the wind, are pressed closer 
together, the sails are turned into a position that exposes less 
surface to the wind. 


Secrion V.—WaATER-WHEKLS AND TURBINES. 


The conditions to be fulfilled in order that the efficiency of a 
turbine, or water-wheel of any other kind, may be the greatest 
possible, are that the water shall begin to act on the wheel with- 
out shock, and shall leave it with no more velocity than is 
necessary in order to prevent the wheel from being choked with 
back water. All the turbines to which honours have been 
awarded by this Jury are capable of fulfilling those conditions 
when Proper managed. 

Turbines have been classed acoordiug to the general direction 
of the flow by which the water is carried through the wheel, 
independently of the whirling motion which is first impressed on 
the water by the guide blades, and afterwards taken away during 
the action of the water on the wheel. According to this mode of 
classification those of the North Moor Foundry Company Soe 
(United Kingdom—1948) and of Fontaine & Brault(France—1173 
are “parallel-fiow” turbines, because the general flow of the water 
is parallel to the axis; and that of Williamson Brothers (Thomson's) 
(United Kingdon—2026), is an “inward-flow” turbine, because 
the general flow is towards the axis. In order that the conditions 
of grates efficiency may be fulfilled with different londa, the 
mode of varying the quantity of water supplied ought to be such 
as to change as little as possible the speed of the whirling com- 

nent of its motion. This is effected in parallel-flow turbines 

y supplying the water through a ring of orifices, a greater or 

leas number of which are completely closed when the supply 

is to be varied, so that all the orifices which are open are 

fully open. In the inward-flow turbine or *vortex-wheel," the 

-— object is obtained by varying the obliquity of the guide- 
es. 

The drawing of M. Sagebien (France— 1154) represents a water- 
wheel which on theoretical grounds may be considered advan- 
tageous for low falls; but the sary had not, during their proceed- 
ings, sufficient, data to enable them to make an award npon it. 


Section VI.—W ATER-PRESSURE ENGINES, 


The water-pressure engines of Sir W. G. Armstrong and Co. 
(United Kingdom —1785) are capable of working and standing 
still at intervals without waste of power or of water. This (in 
the absence of a reservoir) is etfected by the aid of the * accumu- 
lator,” being a cylinder like that of a hydraulic press, having a 

luuger loaded according to the pressure to be maintained, and 
baing large enough to contain the store of water which collects 
when the machinery is at rest, and to supply the surplusof water 
required when the machinery is moviug. One of the engines 
consists chiefiy of a cylinder and piston of long stroke for working 
a hydraulic crane through pulleys and chain-tackle; another is 
an engine for producing rotatory motion at high speeds, with 
three oscillating cylinders, having plungers which act upon three 
cranks, making angles of 120° with each other. This engine is 
characterised by the use of “ relief clacks;" those are valves which 
upon the occurrence of any tendency to excessive increase or 
diminution of pressure in the cylinder, permit water to flow back 
from the cylinder into the sappy pipe, or from the discharge-pi 
into the cylinder, as the case may be, and thus prevent shocks 
without wasting water. 

Carrett, Marshall, and Co. (United Kingdom—1813) exhibit a 
double-acting water-pressure engine specially adapted to the 
blowing of organs, in which the piston moves with a uniform 
speed, and there is no fiy-wheel. 

The water-wheel exhibited hy Mr. E. O. Richard (Canada— 
119) is really a kind of rotatory water-pressure engine. 


Sxction VII.—V AcUUM-POWER ENGINE. 


The J ba ii find no engines to which the above description 
a»emed to be applicable. i 
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Secriox VIIL—ErgcrRo-MaGsETIC Morrvz Power Exon, 


Some engines of this kind were exhibited, in which ranch 
ingenuity was displayed; but inasmuch as the Jury had no 
Opportunity of ascertaining the convenience and efficiency of 
those machines while working, either by inspection or from the 
information of others, they did notconceive themselves warranted 
in making any award upon them. It is well known that certain 
electro-magnetic engines are at present in extensive practical use 
for driving small machinery in which the cost of motive power is 
unimportant; but no specimen of those engines was erhibited. 
The electro-magnetic engine of D. McCallum (United Kingdom 
—1916) was carefully searched for, but not found. 


Seorion IX.—MiscELLANEOUS PRIME Movers. 


The gas-engines of C. W. Siemens (United Kingdom—1987), 
and Lenoir and Co. ce—1188) are driven by the combustion 
of a mixture of -gas and air so proportioned as not to be 
dangerously explosive; the mixture is fired at each stroke by an 
electric spark. From the report of M. Tresca on Lenoir’s engine, 
it appears that this engine is not economical of fuel as compared 
with a steam-engine, but that it is very convenient and useful for 
driving machinery in situations where a steam-engine cannot be 
employed. Siemen’s engine is provided with a regenerator for 
saving a great part of the heat which would otherwise be dis- 
charged with the waste gases; and there are theoretical grounds 


for expecting it to be economical; but precise experimental 
and practical data as to its economy and efficiency do not yet 
exist. 


The engine of E. B. Neill (United Kingdom—1943), and an 
engine of the United States withont a number, are both hot-air 
engines of a kind invented by Captain Ericsson. Those exhibited 
by C. H. Dennison (United Statés—82) and that of Schwarzkopf 
(Prussia —1319), are also hot-air engines. No advantage in point 
of economy over the steam-engiue is claimed for any of these, 
their proper use being, like that of the electro-magnetic engine 
and the gas-engine, to furnish a convenient motive power for 
small machines where a steam-engine cannot be employed. As 
the working of these engiues within the Exhibition building 
would have been inconsistent with the maem which prohibita 
the lighting of fires in it, the Jury, in order to satisfy themselves 
that the engines worked in a smooth, steady, and manageable 
way, obtained from Her Majesty's Commissioners permission for 
the exhibitors to remove them for a time from the building, and 
set them to work outside. The results were satisfactory in the 
case of the two American engines; but the Prussian engine was 
unfortunately prevented, by accidental circumstances, from being 
set to work until after the proceedings of the Jury were closed, 
so that they could not make any award upon it. ‘It was after- 
wards, however, set to work in the boiler-yard ; when it moved 
smonthly and steadily, and was easily started and stopped. Both 
the American engines take in at each stroke a fresh supply of air, 
which is afterwards discharged; Schwarzkopf’s engine retains 
the same air permanently, and transfers it back and forward 
between the hot and cold end of a receiver alternately. 


W. J. Macquorn Rankine, Reporter. 


Subdivision 1I.—Separate Parts of Machines, Specimens of W ork- 

munship, Miscellaneons Pieces of Mechanism. 

Secrion L—Hxavy Castines on FORGINGS IN THE ROUGH; 
Castings OR FORGINGS, PLAIN, INTRICATE, OR BEATIFUL, IN 
THE ROUGH. 

As compared with articles under these heads exhibited in 1851, 
we consider there is a decided improvement; few however are 
exhibited in this class as abstract specimens, but are for the most 
part portions of machines: there are nevertheless some excellent 
specimens of forgings of very large dimensions, and which owe 
their excellence in finish and soundness, mainly, to the facilit 
afforded in their construction by the application of the Nasm 
and other steam hammers: some of the ete forged shafts are 

ut together in longitudinal segments, which is another reason 
or their soundness. A complete revolution in the manufacture 
of large forgings has been effected by the steam hammer. The 
castings of jane marine engine cylinders and other pra tbe 
crank shafts, cross heads, connecting rods, &c. in wrought-iron, as 
shown in the present Exhibition, are such as never were produced 
of equally good quality on any former occasion. 
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Fr. Krupp, Essen (Prussias—1308).—This exhibition includes 
the largest block of steel in the Exbibition; aleo some excellent 
specimens of cast-ateel axle-trees, and other first-rate specimens 
of steel manufacture. Medal awarded for excellent workmanship 
and material, practical success, general excellence. 

Hórder Mining and Forging Company (Prussia—1258).— 
Wheel-forgings, locomotive tires of puddled steel, wrought-iron 
telegraph poles, &c. Honourable mention, very good work. 

Petrarsa Royal Works (Italy—1058.) A large wrought-iron 
shaft for screw propeller, very good specimen of plain forging. 
Honourable mention. 

Under the above heads, the Jury wish to call attention to a 
beautifully forged and finished cross-head for a marine engine, 
being one of a pair for the “Agincourt,” 1350 horse power, 
also à connecting rod of similar powers by Messrs. Maudslay, 
Sons, and Field. The above is not separately designated in the 
catalogue. 

Also to a double-crank shaft for engines of 1250 horse power, 
by Messrs. Penn and Son, of Greenwich, excellent both as a 

ing and a finished piece of work; and tothe casting of a 
cylinder, which is exhibited in the state in which it left the sand, 
and without having had any subsequent workmanship bestowed 
upon it, A most beautiful specimen of loam casting. The above 
are not separately designated in the catalogue. 


Sxcrion II.—Specimens oz TURNING IN METALS. 

The preliminary remarks of the last section apply with equal 
force to the different portions of steam-engines and machinery in 
general, inasmuch as by the improved construction of slide lathes 
planing, slotting, and grooving machines, work is produced of the 
most superior description. 

In the construction of all machines and machinery by the best 
makers, the great aim evidently now is, to introduce such forms 
a8 can be obtained by power tools, without the use of the hand- 
chisel and file, and the result is, increased elegance and simplicity 
combined with great economy. It is necessary to point out 
where these results are most striking, as the awards of the Jurors 
have already shown their appreciation of them. 

One specimen alone of turning and finishing in glass is shown, 
and this is both practical and new. 

J. Chedgey, Southwark (United Kingdom—1820), Glass-rollers, 
pumps, and pipes turned and bored. 

New manufacture and good work. The only articles of the 
kind in the Exhibition. Here is exhibited a household mangle 
with glass bed and rollers. Medal awarded. 


Section III.—SPEcIMENS IN FILING, AND FINISHED WORK IN 
METALS, SUCH AS SURFACES, IRREGULAR FIGURES, ETC. 

Broughton Copper Company, Manchester (United Kingdom— 
1808), Copper and brass work valves, &c, copper rollers for 
calico printers, and brass tubes for locomotive engines of very 
superior quality and workmanship are exhibited by this firm. 
Medal awarded. 

Eadieand Spencer, Glasgow (United Kingdom—1843), Iron tubes 
for boilers. Medal awarded for good workmanship. 

Imperial Iron Tube Company, Birmingham (United Kingdom 
—1894), Metal tubes. Medal awarded for good workmanship. 

Newton, Keates, and Co., Liverpool (United Kingdom—1944) 
Copper and brass articles for engineers. Medal awarded for good 
workmanship. 

J. Russell and Sons, Wednesbury (United Kingdom—1975), 
Tubes and fittings, most excellent specimens. Medal awarded 
for good workmanship. 

Stephenson Tube Company, Birmingham (United Kingdom— 
1994), Seamless metal tubes, rollers, &c. This firm have a most 
interesting exhibition; and claim great advantages as regards 
toughness of material from the combination of phosphorus in 
the manufacture oftheir metal. The Jurors speak in high terms 
of the whole exhibition. Medal awarded. 

A. Everett and Sons, Birmingham (United Kingdom— 1848.) 
Brass, copper, and iron articles, tubes, &c. Honourable mention) 

Lloyd and Lloyd (United Kingdom — 1912, Wrought-iron 
tubes and fittings. Honourable mention. Some excellent speci- 
mens of workmanship are here exhibited in forgings of wrought- 
iron junctions for gas, having a great number of outlets on the 
same piece. 

Russell and Co., London and Manchester (United Kingdom— 
1974), Wrought-iron tubes, &c. Honourable mention. 
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Saorrox IV.—Vatves, Cocks, Pistons, Governors, DRIVING 
Banps, &c. 

Most excellent articles are exhibited under these heads and b 
* large number of exhibitors. The valves and cocks are bo 
good in design, and constructed of materials well suited to the 
purpose. Metallic pistona are now exhibited having great facility 
of accurate adjustment against the sides of the cylinders, so as not 
to cause more friction than is absolutely necessary for preventing 
the of steam, and of very simple construction, and not 
Yable to derangement. Governors are in t variety, but in 
most cases they partake of the objections to the ordinary ball and 
pendulum governor,—viz., that they do not give a proportionate 
amount of steam for a varying load, with a maintenance of 
uniform speed; still in some cases this desideratum is obtained, 
and the examples are noted and described under their respective 
numbers. A decided improvement in driving bands is shown, 
both as regards materials and mode of construction, in leather, 


india-rubber, &c. 
Valves and Cocks. 

Baines and Drake, Glasgow (U.K., 1788).—Engine and boiler 
mountings. Honourable mention. 

J. Beck, Southwark (U.K., 1796).—Valves and cocks. These 
include some very conveniently arranged angle-placed valves as 
cocks, and the work and finish are very good, Honourable 
mention, 

E. T. Bellhouse and Co., Manchester (U.K., 1797).—Brass fit- 
tings. Honourable mention. 

. J. Silbermann, Paris (France—1162)—-Air-pump valve. 
Honourable mention. 

F. Allen, jun. (U.S., 29).—As inventor of slide-valves, valve 
ear, and expansive gear, exhibited by C. T. Porter. By a pecu- 
iar arrangement of j ein actuating on a slide cut-off valve at 
the back of the ordinary steam and exhaust valve, a very simple 
mode of expansion is obtained with great variation. Medal 

awarded. 

8. Leoni, St. Paul’s-street, N. (U.K., 1909).— Taps, steam-cocks, 
bearings for machinery. These have not yet been sufficiently 
tested to prove their superiority, but appear to work with little 
friction. The substance “ Adamas” consists of silicate of mag- 
nesia, calcined, moulded, and baked to any required shape, and 
appears to poesess peculiar anti-friction properties. 

Driving Bands. 

North British Rubber Company, Edinburgh (U.K., 1947).— 
Driving-belts, &o. These are said to be very durable, and have 
more adhesion than leather. Medal awarded for practical utility 
and success, 

C. A. Preller (U.K., 1959).—Untanned leather driving-belts, 
&c. In the leather bands made from ordinary leather, where 
extra strength is required, this is obtained by one or more thick- 
nesses stitched together; which is objectionable, inasmuch as 
in passing over pulleys of small diameter the different layers are 
at different degrees of tension, and increased wear and friction 
are the result: this is avoided in a great measure in the driving- 
bands exhibited by Mr. Preller, who obtains great increased 
strength by his peculiar manner of preparing the leather, giving 
extra strength and suppleness, and thus rendering the double 
strap in most cases unnecesary, and, wh2n actually required, the 
objection is not so great as with leather prepared in the ordinary 
way, on account of the thinness and suppleness of the former. 
Medal awarded for good workmanship and new manufacture. 

Webb and Son, Stowmarket (U.K. 2017)—Leather driving- 
belts, buckets, hose, &c. A very creditable and useful exhibition. 
Medal awarded for good workmanship. 

C. J. Edwards and Son, London (U.K., 1845).—Leather bands, 
hore, and fire-buckets. Medal awarded for good workmanship. 

Hepburn and Sons, Bermondsey (U.K., 1882).—Machine belts 
and other articles of leather. Honourable mention. 

J. Holgate and Co., Southwark (U.K., 1885).—Leather mill. 
bands and hose-pipes. Honourable mention. 

Nobes and Hunter, Borough (U.K., 1945).—Leather banda, 
hose, buckets, &c. Honourable mention. 

W. Pottir, Blackfriars-road (U.K., 1957)—Gut wheel-bands. 
Honourable mention. 

M. J. Bleyenheuft, Eupen (Prussia, 1287a).— Leather machine- 
straps, buckets, hose, &c. Medal for good workmanship. 

J. H. Bleyenheuft (Prussia, 1287).—Leather machine-strape, 
cord, hose, &c. Honourable mention. 
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W. Raland, Bonn (Prussia, 1315).—Leather for machine-straps. 
Honourable mention. 

Farcot and Sons, Port St. Owen (France, 1152).—Governors 
with crossed arms, arranged so as to overcome iu some measure 
the objection to the ordinary ball-governor, by making it more 
accurate for varying amount of load upon the engine. Medal 
awarded. 

A. B. Albaret and Co. (France, 1207).—This consists of a fly- 
wheel mounted on a movable centre, which enables it to be set at 
different anglea with regard to the line of its own axis: when 
revolving, the tendency is to move to a position at right angles 
with its axis, and in so doing to act up the throttle-valve. 

Governors. 

C. T. Porter (United States—29) exhibits a governor having 
douhle-elbow arms, the tendency of which is to raise & weight 
vertically upon the spindle, This governor is very sensitive, and 
mainly owes it to rapid rotation, which its peculiar construction 
requires. Mr. Porter also exhihits another governor particularly 
applicable for marine engines; this is also a centrifngal ball-gover- 
nor, but the centrifugal force of the balls is met by a spiral 
spring, and is thus described by the exhibitor:—The novel 
feature in this governor, and that which gives it its value, 
is the initial compression of the spring: for example the spring 
ie compressed two inches by the nut on the spindle The 
circle in which the centres of the balls revolve is ten inches 
in diameter, expanding to one of fifteen inches diameter. This 
expanding motion of the balls produces a further compres- 
sion of the spring of one inch, The balls are shown in the 
engraving half expanded, and the spring, if released, would be 
two aud a half inches longer than it appears. It will be observed 
that the expansion of the balls adds fifty per cent. to the diameter 
of the circle which they at first described, and also fifty per cent. 
to the original I serie of the spring. If, therefore, the 
centrifugal force of these balls and the resistance of the spring 
are in equilibrium in any position, they will be so also in every 
other position, the number of revolutions per minute remaining 
the same. The resistance varies, by the increase or decrease in 
the compression, precisely as the force varies by the expansion or 
contraction of the circle. 

M. A. Sonl (United Kingdom—1992) exhibits a governor which 
may be thus described:—A fly-wheel having a long boss with a 
spiral groove cut in itis placed upon a hollow spindle with a 
straight groove ip it; inside said spindle is another which carries 
a pin as a driver to the fly-wheel; if the spindle or shaft overruns 
the fly-wheel, the interior spindle is moved in or out as the case 
may be, and the movement is communicated to the throttle- 
valve. 

Schiele's governor, exhibited by the North Moor Foundry 
Company (United Kingdom—1948), acts by water-pressure upon 
A piston, given by a centrifugal pump. This governor can be 
made to exert great force, so as to be capable of acting directly 
upon the sluice or clow of a water-wheel or other large valve; 
under ordinary circumstances where great sensitiveness is re- 
quired, an elastic diaphragm may be used instead of a piston. 


J. Hick, Reporter. 
(To be continued.) 
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EXAMINATIONS OF THE INSTITUTE OF 
BRITISH ARCHITECTS. 


THE last session of the Institute of British Architects was 
signalised by the adoption of more than one measure likely to 
produce permanent and important effects on the architectural 
profession, The immediate good results of the establishment of 
a recoguised scale of charges, and of rules of professional practice, 
are likely to be considerable, for itis a matter of personal intereat 
to every practising architect to know how much ia fairly to be 
expected of him, and how much he is entitled to charge in accor- 
dance with the beat opinions and most received customs. 

The endeavour to regulate professional practice in these or in 
similar respects is peculiarly the duty of such a society as the 
Institute, and will be recognised by all as a worthy exercise of 
its fonctions. Yet the regulation of current transactions, though 
likely to be more valued by practical men than that diffusion of 
information on detached subjects by means of papers and discus- 
sions to which the proceedings of the institute have at some 
periods been Vonfiaed. is not equal in real importance to such 
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measures as will tend to alter and improve the character and 
tone of feeling and action of the entire profession. To diffuse 
information is something, to direct and control professional cns- 
toms is something; but so to raise the whole standard of profes- 
sional attainments, as to procure that architects as a body shali 
be better informed, more accomplished, and consequently more 
respected and increasingly influential, is to fulfil the highest ofie 
possible for a public society, and to confer the greatest benefit 
posaible upon the constituents. 

Viewed in thia light the institution of the annual Voluntary 
Architectural Examinations, the first of which is announced as to 
be held in Jauuary next,is a step in advance of any thing yet 
attempted since the establishment of the Institute, at least as far 
as the scope and intention of the measure are concerned, and 
should the examinations answer the intentions of their pro- 
moters we have little doubt of their being recognised as 
IAM in the inauguration of something like a new order 
of things. 

Hitherto no systematic plan of education for an architect has 
existed, and no influential indication has even been given of the 

reliminary education which it is desirable that a youth should 

ring to the study of his profession, the books with which he 
should be familiar, or the amount of attainment which is essential 
to constitute him a respectably educated architect, or the further 
degree to which it is necessary he should pursue lus stodies 
before he can be ranked as accomplished. 

Much of all this must always beleft, as all haa hitherto been 
left, to individual discrimination and judgment; but it is not on 
this account necessary or desirable that so influential a profession 
should continue without some authoritative declaration of opinion 
on these subjects, without any recognised standard of prelimi- 
ary proficiency, and without any means of designating those who 
have sufficiently trained themselves to reach it. These deficien- 
cies the plan now inaugurated professes to supply. No special 
mode of education isattempted orindicated, and even if desirable— 
upon which opinions are divided as matters stand—such a 
would be premature; but a very clearly defined standard is fix 
up to which the education of the student ought to be carried, a 
method of indicating to some extent acquirementa which surpass 
that standard is provided; aud so much of the means of self-edo- 
cation as can be obtained from books is pointed out, a carefully 
prepared list of bouks having been issued by the council along 
with their programme. 

So far as the influence of the Institute has extended, admission 
to the profession as represeuted by its members has been based 
upon Deiritisene T of character and practice,—the best and 
widest basis ible, and one which can never be de| from 
without disadvantage; but it is in the highest de, desirable 
that competence for the performance of its responsible and very 
varied duties should be secured in every possible way, and tested 
by a process more rigorous than can possibly be pursued in a 
society constituted like the Institute; and it is in every wav 
desirable that those entering the profession should be youths of 
good previous education, and should studiously avail themselves 
of the opportunities at their command. 

These aims the present scheme is calculated to reach. The 
ultimate success of its working will have to detertnine whetber it 
shall remain a purely optional honourable distinction, or whetber 
it shall ultimately become the groundwork of & diploma wbich 
shall be essential to practising architecte. The feeling in infu- 
ential qnarters is strong against a diploma, and this scheme 
would have met with serious opposition—possibly with defeat— 
had it been proposed to associate with it any certificate of com- 

teuce to non or other document such as might by possi- 

ility have been made use of as conferring the rank of an archi- 
tect upon its holders, The probability is great, notwithstanding 
the jealous exclusion of all allusion to such an ultimate purpose, 
that eventually some test analogous to the examinations which 
must be passed before a member of the legal or of the medical 
profession can practise, will even be adopted, and will be legally 
enforced. Without fettering in the least the freedom of the indi- 
vidual artist in matters of art, such an examination will insure 
that the information which every architect ought to have on 
technical matters is not altogether wanting, and that the prelimi- 
nary education, without which no man can creditably pursue à 
liberal profession, has not been omitted, and has not reroained 
quite fruitless. 
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PAPERS ON HYDRAULIC ENGINEERING.* 
By SAxvEL McErnor, C.E. 
No. 2.— Distribution. 

Asa consequence of the use of water supply under pressure, 
lines of distribution service to the several point of consumption 
are provided, and are common in principle of use to both the 
intermittent and constant systems of service, which have been 
previously noticed. 

From the reservoirs of storage or points of supply, by stand- 
pipes and otherwise, these lines, branching of in various 
directions, with various proportions of calibre and differences in 
material, have been applied to the solution of the problem of 
adequate delivery, adequate strength, and protection from the 
several contingencies of use; and have, therefore, involved not 
only the question of serious expenditure but various interesting 
questions of propriety in manner of construction, arrangement, 
and method of use, 

A system of distribution comprises lines of feeding mains, 
service mains, special service pipes, and the various appurtenances 
connected with the details of delivery, and is controlled in 
character by the extent of service as to relative supply and 
demand, the conditions of service as to pressure, and by range 
of admissable expenditure, 

Distribution is generally the most coatly feature of any water 
supply. Its proportion, for instance, at Brooklyn, in an original 
contract total of $4,200,000, was not less than $1,750,000; and 
while this matter of cost is determined by the extent of the system 
the latter in turn chiefly determines the item of annual income, 
thereby regulating in an important way the propriety of this 
extent. 

The materials which have been used at various periods and in 
various localities, and which may be noticed under a general head, 
are stone and brick conduits, earthenware pipes and pipes of glass, 
bitumenised paper, lead, wrought-iron, cast-iron, zinc, tin, and 
other metals, wood, and other materials, some of which will be 
discussed under special heads. 

Arrangement.—The most perfect system in this respect is 
that which transmits the supply to its consumers with the 
least loss in pressure from frictional and other obstructions to its 
flow. To this end, a aubdivision in supply districts is requisite 
for any system, properly controlled by lines of E mains of 
adequate calibre for free delivery and circulation; and for want of 

roper attention to this principle the valne of many supplies has 
feci seriously injured, under circumstances which render reme- 
dies difficult in application. x 

In a number of cases we find small and independent feeding 
mains, attached to service mains as low in calibre as two, three, 
and four inches. Not only does it result from this that the 
peus on the house service is seriously vitiated, from a natural 
aw in hydrodynamics, but in the important special use of a fire 
supply, instances abound where serious losses have resulted from 
a restricted discharge at the hydrants on this account. And as 
experience proves that a line of 4-inch pipes will not properly 
supply more than one fire-engine, except under an unusual pres- 
sure, it may be taken for granted, wherever fire-supply is an 
object, that all lines of this calibre should be short, and connected 
with larger mains, and that 6-inch mains should be assumed as 
the minimum for lines of general service. This poop was 
adopted as a rule in the arrangement of the Brooklyn distribu- 
tion, the use of 4-inch pipe being restricted to hydrant branches. 
It is also adopted by the Croton Board for extensions of service. 

Due attention to this arrangement of districts improves the 
operation and efficiency of the supply, admits greater extensions 
with less loss in head, and a much more simple and effective 
location of stop-cocks, which control delivery, accidents, and re- 
pairs, and which need, for this reason, particular care. The larger 
and more complete this framework of feedin mains around the 
special districts of service mains the hetter, within limits of reason- 
able cost, and subject to local contingencies of supply, pressure, 
demand, and extension; and for these, as thus determined, the 
calibres may range from eight, ten, and twelve inches, to sixteen, 
twenty, twenty-four, and thirty. Some of the Croton mains of 
this class are thirty-six inches in diameter. As an illustration of 
forethought on this subject, and a good example, the following 
extract is made from the Philadelphia Water-works Report of 
April 19, 1855:— 


* Continued from page 318 
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“ The distribution of the old city proper, altho srranged in 1819, 
before any other in this country, is HUN de system originally 
laid down having been strictly adhered to. The city is crossed upon the 
highest streets, running north and south, by two supply mains of 
twenty inches diameter each; and in the opposite direction, through 
the centre street, runs a main of thirty inches diameter: the whole 
plot is circumscribed by mains of sixteen inches diameter, reducing 
to twelve and ten inches, and is crossed north and south at intervals of 
about 1200 feet by mains of ten and twelve inches, these again are crossed 
east and west by several mains of sixteen, twelve, and ten inches diameter 
(all connected at proper intervals, and making a complete network 
of mains and feeders), supply the remainder of the distribution, which 
consists of six, four, and three inch pipes. The arrangement is quite 
complete, the only source of regret being that any pipes so small as three 
inches should have been used; but at the very early date when the 
distribution was devised and commenced, they were considered more 
than sufficient. Many new water-works, however, executed within a very 
short period, and long after those of the old city, have, notwithstanding 
the advice and experience of Fairmount Works, fallen into the same 
error, and are now suffering from the want of larger pipes and mains.” 


Usual Practice in Material.—Notwithstanding the varieties of 
material which may and have been applied to water distribution, 
the general modern practice has adopted the use of cast-iron mains 
for service. For house service pipes lead is generally used. 
These materials have several advantages and defects, which 
require special notice. 

Cast Iron Pipes —The strength and durability of this material; 
its facility for ready adaptation to the different forms of mains 
and their special appurtenances; facility in making joints, and in 
tapping for house service; in connexion with the influence of long 
established custom, comprise its chief advantages. 

The ordinary form of joint in use, the “spigot and faucet,” is 
that made with a hub at one end of the pipe, expanded to take 
another pipe, with a joint for gasket and lead packing, varying in 
width from 8 of an inch upwards, and averaging about 6 inches 
in length. These admit considerable expansion and contraction, 
and are therefore preferred to flanch joints, or to the conical joints 
originally iutroduced in London, and abandoned on account of 
frequent breakage from this cause. Special cases, however, 
frequently occur, where flanch joints may be used with economy, 
and fully guarded against objectionable rigidity. 

It is found, however, that expansion affects the lead joint 
sensibly, causing it to “crawl” in its socket, particularly after the 
gasket is destroyed; to remedy which, in part, the hubs are cast 
with a countersunk bead, which tends to hold the lead in place. 

In pipe lengths and sizes, improvements have been gradually 
made in foundry work, increasing the lengths from the old 30 inch 
sections of the Albany and other works, up to ordinary lengths of 
9 feet, and more recent lengths of 12 and 15 feet, with much 
advantage in handling and economy in laying, since the expense 
at the joints is a serious item of cost, the lead alone, independent 
of labour, ranging in value froin about 58 cents per joint for 6-inch 
pipe to $518 for 36-inch. Practically, at the foundries, there is 

ut a slight difference in cost per ton between the shorter and 
longer lengths, except for very large diameters. 
he usual test is that of 300 lb. per square inch under 
hydraulic pressure, in connexion with a hammer test, which may 
be made needlessly severe with a pipe under great tension. This 
is equivalent to a hydrostatic head of 690 feet, or about four times 
the usual pressure in waterworks practice—245 feet, as at Albany, 
when the upper district is connected with the lower; and 230 feet, 
as at Watertown, and a few similar cases, being exceptional 
instances in the United States, although exceeded in some Euro- 
pean supplies. This test, however, has this fallacy, that it is 
applied only to the pipe castings, while the joints, as the true 
source of leakage, are laid without any trial, except that of actual 
use. There is an extreme and hurtful zeal in one case, with such 
a peculiar metal as cast-iron, which may be permanently injured 
before it shows any symptoms of yielding, and an oversight in the 
other extreme, as te the ordinary points of damage. Unquestion- 
ably, a considerable part of the loss of supply now attributed to 
house waste, is due to defective joints in the service. 

Objections.—The objections to the use of cast-iron may be 
summed up in its cost, its defects in casting, its loss of length 
and other defects at the joints, the difficulty in breaking jointa, 
and its liability to destruction, and discoloration of supply by 
oxides, and by tuberculation, which also restricts its delivery. 

Cost.—The excessive weight of metal used for the qualities in 
ordinary application involves items of expense for transporting 
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and handling material, freight, distributing on lins of work, and 
labour in laying, as well as for value of material. To this is added 
the cost of jointing. The weights for pipes of 12 feet length may 
vary from 225 Ib, for 4 inches diameter to 4600 for 36 inches 
diameter, and the following table will show the variation in 
standard, from two recent waterworks schedules:— 


Cast Iron Pipes.—Standard Weight. 


Length, and Class. | 41n. | 6 in. | 8in. {10 in.}12 in.]16 in.) 20 in. [24 in.| 80 in. | 36 in. 
9 feet.” A 330 | 430 680| ... 11600 3000| 3600 
9 ,, 360 | 500 820] ... {1900 3700 
94 ,, A 347 | 453 716] ... [1682 3160 
94 ,, B 378 | 525 864| ... |2000 3900 
12 , A epo] e] 920) ... 12100 3960| 4750 
2, B |..| ..| ...| ... {1080} ... |2500 | ... | 4890 
12 ,  (tolay)|225|368|480|750| ... |1432} ... 2511| 3845| 4607 


^ 


In this case the A class is arranged for a practical head of about 
100 feet, and the B class of about 150 feet, the lengths including 
the hubs; the weights given in the last line refer to a head of 
about 120 feet, and the length is exclusive of hubs. Including 
the value of the material, the cost of such pipes per lineal foot 
laid may vary from about 55 cents for 4-inch to about $9:50 for 
36-inch, and readily aggregates a formidable sum. This item cau 
only be modified in amount by any substitutes, and must always 
keep the distribution service in the front rank of expense. We 
nay, have occasion to allude to these modifications under another 
head. 

Casting.—In foundry work, this metal is liable to defects from 
various causes. Unequal shrinkage, uneven tbickness, blisters, 
sand holes, air cells, cold shuts, &c., may result from. the spring 
of core bars, yielding at the euds, displacement of core coating, 
unequal rate of cooling, steam and air bubbles, the effects of local 
ebullition, and of floating sand, slag, dirt, kc. on the hot metal. 
For these and other obvious reasons ju grade of metal, pipe cast- 
ings should be made vertically, hub down, in luam moulds, and 
of a pure quality of iron. But their quality is generally inferior, 
although vertical castings are coming more fully into use. 

Soft aud impure iron is less strong and much more subject to 
oxidation and tuberculation, than Better grades, although the 
relative cost of material operates strongly in favour of its use for 
waterworks by contractors, while the same consideration favours 
green sand castings in inclined and horizontal moulds. 

Joints.— By the common method of jointing described, it follows 
that an increase in weight is required for the hubs, both on 
account of their enlargement, and for additional strength to resist 
the process of caulking; and whatever length of pipe is appro- 
priated to the joint is a direct loss, varying from 5 to 7 inches on 
each pipe. Economy in movement and in jointing, therefore, 
urges the adoption of the longest practicable lengths. It is also 
evident, that, reduction in number of joints must reduce the con- 
tingencles of leakage, so far as affected by the operation of 
expansion, contr.ction, or other general causes. 

hen it becomes necessary to take up a line of pipe, or a 
defective pipe, the lead must be melted by a hot fire from séveral 
hubs, to spring out one piece. This process is objectionable for 
several reasons, but is inevitable with this manner of jointing. 
Practically, all the tightness of a lead joint is included in the 
depth of an inch or so, which i$ expanded by the action of the 
caulking tool, the gasket serving no other purpose than a mould 
for the running lead, and frequently defective in this office. 
There is room then for question, whether the sleeves which are 
frequently used for jointing large pipes may not be commonly 
applied with advantage, since they may be easily and cheaply cast, 
save the losses in length at the hubs, are jointed with double- 
caulked faces, and may be cut away and replaced without the 
trouble, expense, and risk of a hot fire on the mains for several 
lengths. It way also be said that flanch joints save the losses in 
length, and as “face” or as “rust” joints may be made tight and 
durable. They are also cheaper, altogether, than bub joints, and 
are frequently used on large mains for special connexions. With 
occasional alip joints,” or with occasional pipes or flanches cast 
to admit expansion, their chief objection may be obviated. 

The most perfect hub joint is that which is made with a full 
lead packing, caulked both on the outside and inside. This 
secures a smooth water-way, avoiding the use of gaskets, but can 
only be applied with convenience and certainty to pipes of large 
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calibre. The 36-inch force mains of the Brooklyn pumping 
engines have 7-inch hubs, jointed in this way. In jointing, as in 
all other mechanical operations, good workmanship is essential to 
any method which may be adopted. 


Ozidation.—The natural action of water on cast-iron pipes pro- 
duces oxidation. It has been held that this effect is mainly 
controlled by the constitutenta of the water in contact with the 
iron, ditferent qualities having different effects; but it is much 
more certain that the constitutents of the iron determine the 
rapidity and extent of oxidation in connexion with those of the 
water, and as the most prominent cause. A walk through any 
pipe yard, after rain, very clearly shows how much more sus- 
ceptible to this action some castings may be than others, probably 
from the same foundry; and it is evident, without argument in 
detail, that the differences in combination of material, and in 
method of casting, must essentially affect the liability to this 
action, and particularly with a class of castings which are impure, 
and rudely manufactured, at comparatively low prices. j 

From the thickness of pipe which the quality of metal, rather 
than the limit of resistance, renders obligatory in the foundry, the 
ordinary process of oxidatiun involves no immediate danger to 
the castings under pressure. Its chief objection is found in the 
impregnation and discoloration of the contents of the mains. 
Where the house taps are placed on the top of the mains, drawing 
their supply from the purest currents, and the supply is not 
subject to extraordinary agitation, oxidation may progress to a 
large extent, without making itself apparent in the house service; 
but if the hydrants are thrown open for fire purposes, or other 
causes of general agitation occur, disturbing the heavier particles 
in the mains, the evidences of their presence become at once and 
prominently sensible, and in some cases render the supply unfit 
for domestic use for a length of time. With unprotected mains, 
this is an evil which can be remedied only in degree, as to its 
palpable effects, while the process of destruction is as certain as it 
is slow. Unquestionably, different kinds of water will differ in 
degree of effect in oxidation, and different proportions of air in 
the same water have also their degrees of effect; but the promi- 
nent cause is attributable to the castings themselves, as being 
more or less impure, and therefore more or less subject to 
oxidation. 

(To be continued.) 
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ON STAINED AND PAINTED GLASS. 
By ArsLEY PELLATT.' 


Tur adoption of painted windows was concurrent with the 
improvement in architecture, and especially in the introduction 
of the Early English and Gothic, which succeeded the Saxon and 
the Norman. From the twelfth to the thirteenth century the larga 
expenditure, in England and on the Continent, on cathedrals, 
churches, and religious houses, induced a demand for decorated 
glass windows; and the early Archaic style was then generally 
introduced into windows, which were not only beautiful in them- 
selves, but conferred a beauty upon the interior architectural 
decorations of these ecclesiastical buildiugs. At hie poroi and 
for centuries subsequently, the Archaic style was adopted ; it 
consisted of a perfect mosaic of rosettes, flowers, leaves, and other 
designs. The borders consisted of small pieces of variously 
coloured glass, secured by lead to the iron framework of the win- 
dows, in conformity with the outline of the design. In the centre, 
secured in a similar manner, were the medallions of a single 
figure or group of figures. The borders were usually harmonious 
and pleasing: the drawing of the figures was often grotesque, 
and in some cases almost amounting to caricature The leading 
of the glass, being arranged to follow the outlines of the pattern, 
appears hard when viewed in close proximity; but, like the 
severe outlines of Raffaelesque subjects on china, when viewed at 
a proper distance this harshness nearly or wholly disappears. 
Many patrons atill adhere to this severe Archaic style; while 
others, in keeping with the taste of the present time, admit a 
modification of more correct outlines of the figures. A good 
specimen of the coloured mosaic treatment, with its borders of a 
flowery kind, the lesser spandrils being fitted with a flowing 
ornament of various colours upon a red ground, is to be foun 
in the circular window of the north transept of Lincoln Cathedral, 
as recently restored by Messrs. Ward and Hughes. The lower 
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lights are in contrast with those above, on the grey or grisaille 
mosaic treatment, the chief parta of the white glass being shaded 
or worked with brown or black lines of enamel colours, intersected 
with small portions of coloured mosaics, the grey chiefly predomi- 
nating. 

The manufacture of coloured glass in small effigies, opaque 
mosaics, and vessels, dates as far back as the Egyptians, Phos- 
nicians, Romans, &c. Its introduction for windows in the style 
termed Archaic was duriug the twelfth century. The art was 
considered not merely as decorative, but as a pictorial representa- 
tion of Scripture history, aiding Christian teaching. The repose 
and solemn subdued effect of light passing through the varied 
coloured glass contributed to the character of the subject sought 
*to be impressed upon the mind. 

The first or Archaic style commenced at the latter end of the 
twelfth and beginning of the thirteenth century. Examples are 
to be found at St. Denis and Bruges, and in Canterbury, Lincoln, 
and Salisbury cathedrals. The second or Decorated style was 
introduced about the end of the thirteenth century. Good 
etamples may be seen at Strasburg and Gloucester (recently 
releaded by Messrs. Ward and Hughes). The third or Perpen- 
dicular style, from 1380 to 1430. Another style the Cinque- 
cento, dates from 1500 to 1550, examples of which are chiefly 
to be found on the Continent,—viz., at Brussels, Liège, &c.; the 
examples of the Perpendicular being at Cologne, Winchester, 
York, and at St. Margaret's, Westminster. 

In the Early English, such as the north transept of Lincoln 
Cathedral, the figures are less grotesque than in most other 
examples of that date. The figures were generally placed in 
medallions, canopies having not then been introduced. The next 
period, the Decorative, is marked by an extensive use of canopies: 
the drapery was more flowing and graceful, especially in the 
coloured mosaic and grisaille borders. About this period the 
yellow stain was introduced, which vee colour softened the 
white used in the earlier styles, and had a good effect when 
stained in portions, the cased red or blue being taken out to 
receive the yellow. The third, or Perpendicular, style is marked 
by ita being more soft and silvery, and also more delicate and 
refined than the preceding; having no rounded or projecting 
cornices. The Cinque-cento style is of Italian origin, and more 
picturesque, being evidently influenced by the progression of oil 
painting. All these styles obeyed the spirit of their times; 
glass-painting agreeing with the state of the arts of each period, 

and in harmony with the architecture and the taste of its various 
epochs. 

The principal difference between ancient and modern glass 
windows arises from the latter being brighter and of a higher 
key than the ancient, while it has less tone and richness, which, 
libe the paintings of Titian and the old masters, ar be 
viewed for any length of time without fatigue to the eye. Conti- 
nental glass being thinner and of a higher key than the English, 
a fictitious surface aud tone are obtained by enamel painting, 
which takes off the lurid glare, but deadens and too much lowers 
the tone: this ineffective imitation is easily detected. Modern 
windows of inferior materials, veing charged with bright colour 
at a higher key, transmit too readily through the glass bright 
rays oF different colours pcb ard to each other, which 
fatigue the eye and form an unpleasant contrast to ancient glass, 
or to that which has been recently made on the same principle, 
and which for want of a better term we shall call antique. 
Although homogeneous flint glass is so essential for chandeliers 
and household use, and especially for optical purposes, the reverse 
is required for coloured window glass, technically called pot-metal, 
to imitate that of the thirteenth century. Every colour of the 
spectrum,—viz., violet, indigo blue, green, yellow, and red, are 
produced in glass by the use of the oxides of the following metals, 
—viz., gold, silver, chromium, tin, copper, iron, manganese, cobalt, 
antimony, nickel, and uranium: carbor also produces yellow for 
pictorial purposes. . ! : 

Window glass, although almost indestructible by time, whether 
coloured or of a greenish white, when long exposed to the action 
of the atmosphere, is liable to partial surface decomposition; and, 
if not too much decomposed, prevents advantageously the too 
free of the raysof light through it: old glass thus affected 
softens and blends the pictorial effect; and the colours remain 
sufficiently vivid'aud brilliant without fatiguing the eye. Modern 
amatuers and glass painters have had their attention drawn to 
the fact, that the agreeable blending and harmonising effect of 
ancient glass, although occasionally due to surface decomposition, 
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owes its chief charm to the retention of the strie and small 
bubbles in the body of the glass. The constituents of such glass 
have been perfectly vitrified, and the colours fully developed; but 
being less transparent than when thorougbly fined (like the 
ordinary clear-coloured glass), it becomes less dazzling and more 
subdued. To succeed in making striated and bubbly-coloured 
glass, having a horny or gelatinous appearance similar to the 
ancient, the fining process must be arrested during the latter 
part of the fusion by reducing the heat of the metal to a sufficient 
consistency for working before the bubbles and strim are fully 
driven off: great attention is necessary on the part of the manu- 
facturer to reduce the temperature of the furnace just at the right 
time to prevent the metal becoming too clear. This imitation of 
the ancients constitutes the chief improvement, since 1851, as 
as regards the vitrified material Although these gelatinous 
stris and bubbles are quite apparent on close inspection, they 
disappear when seen from a proper distance; a portion of the 
light becoming absorbed, but retaining the full richness of the 
colours. Pot-metal blues, greens, and rubies, &c., by this system 
of embodying in the mass the hindrances to the too free passage 
of the light, are far superior in effect to those of the ordinary, 
cheap, modern, clear, bright-coloured glass. No person of taste 
should require the latter, which will fail to produce what is 
termed the peculiar “dim religious light” of the ancients resem- 
bling the reposing colours of the spectrum. Blue is often used as 
a background to groups or single figures, as weil as to the drapery 
and borders, and may therefore be considered the prevailing 
colour; and after this are ruby and green—all pot-metal colours. 

About the year 1850, Messrs. Powell and Son commenced 
manufacturing antique ‘glass of white and various pot-metal 
coloure, a considerable portion of which, especially the blue and 
ruby, was equal to the best specimens of ancient glass of the 
thirteenth century. This was selected by Messrs. Ward and 
Hughes for the four windows painted by them, and erected in 
the Temple Church, London, about the years 1853 and 1854. 
Messrs. Hartley of Sunderland, and Messrs. Lloyd and Summer- 
field, of Birmingham, lave also produced antique glass. This 
glass is striated, bubbly, and gelatinous, and sometimes the ruby 
ig streaky. Pieces of dark and light ruby are occasionally 
leaded separately, and placed side by side, to give the effect of 
shading without the use of enamel colour. A national debt of 
gratitude is due to Mr. Charles Winston, author of a work on 
“Ancient Glass Painting,” in two volumes, for his long, persevering, 
and successful efforts to revive the rich colours and low tone of 
ancient glass, the best specimens of which are to be seen in the 
four windows of the Temple Church, painted at his suggestion 
and under his superintendence. 

If the colours in these windows equal the best of the ancient, 
of which there 1s little doubt, it is owing to the various specimens 
he caused to be analysed, and the synthetic experimenta he made 
which enabled him to reproduce the glass, and furnish recipes 
gratuitously to the glass-maker. Foreign manufacturers have, 
no doubt, availed themselves, ere this, of Mr. Winston's liberality; 
and as wood fuel and open pots succeed best for glass dependent 
upon carbon as a colouring constitutent, no doubt they will ere 
long rival our productions of antique glass for windows. Messrs. 
Clayton and Bell, in their artistic treatment of the severe Early 
Archaic style; Messrs. Ward and Hughes, in their windows for 
St. Anne's Church, Westminster, of the style of the thirteenth 
century, the figures of which are treated in keeping with modern 
taste, similar to those in the Temple Church; Messrs. Powell and 
Son, in a window wholly of antique glass, of their own manufac- 
ture; likewise Messrs. Lavers and Barraud, Heaton, Preedy, and 
other artists, have availed themselves of English antique glass, 
much of which rivals the ancient in rich colour and low tone, and 
has a crispness aud shellac appearance so well calculated to 
absorb the rays and retain the richness and beauty of the ancient 
colours. While, therefore, most of our Continental neighbours 
exhibit windows of inferior material, fully equal or superior in 
artistic merit to their painted windows of 1851, the English, s 
availing themselves of the superiority of the antique glass, excel 
their exhibits of 1851. The Exhibition of 1862 may be con- 
sidered so far as a triumph over that of 1851: the artistic progress 
has, however, been less than might have been anticipated. 

The various attempts which have been made to imitate the 
richness aud depth of the ancient material, by coating the glass 
with enamel paint, have produced no other effect than that of 
depriving it of its brillíancy, and, consequently, the glass paint- 
ings in which this expedient has been resorted to, of one of their 
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chief distinguishing merits. In all the glass paintings of earlier 
date than the last quarter of the fourteenth century, until which 
riod the glass was not over clear, substantial in appearance, or 
intense in colour, the artists aeem to have relied for effect princi- 
pally on the richness and depth of the colouring. In these works 
the means of representation may be said to have been reduced 
almost to the lowest degree. We are strongly impressed that the 
difference of effect between such ancient and modern glass does 
not depend on the state of the surface, but on the composition 
of the material; and this result has been strengthened by the 
result of some experiments recently made, by which the very 
great difference in the composition of modern glass of the 
thirteenth century is clearly demonstrated. The cheaper sorts 
of white and coloured glass, as alluded to in the Report of 
the Commissioners of 1851, counterfeit the ancient gins by 
coata of enamel colour, which only produces a misty and clondy 
effect, merely blinding or shutting out a portion of light; but 
it cannot give the depth and richness of ancient colours. If 
varnish colour be used for such & purpose it will only serve a 
temporary object; and even if the enamel colours be burnt in, 
they are not always to be depended on, being liable to crack off 
by long exposure to the action of the atmosphere. Bertini and 
others obscure a portion of the back by roughing, or by a layer 
of white or neutral colour, so that little or no light may 
through the main figure of the subject, which rather resembles 
fresco than transparency. The latter is génerally considered to be 
one of the essential conditions of glass painting. Brown enamel 
colours, more or less dense, are used for stippling and shading white 
or coloured pot-metal; but if too thickly laid on at one time will 
be liable to crack off in a few years: several coats and frequent 
firing are necessary to produce permanency in the various dark 
shades. Examples of coloured enamel painting, by Brackler, 
may be seen at Arundel Castle, the seat of the Duke of Norfolk. 
They are wholly enamel, and have no pot-metal colours ; similar 
also to several glass paintings designed by West, and painted 
-by Jervis, in the royal chapel at Windsor. These may be 
considered as simply semi-transparent pictures, wholly out 
of the category of what is generally known as stained 
or painted glass, by mosaic or grisaille treatment, for 
ecclesiastical purposes. Referring to former explanations 
on the striated oe colours, called antique, used 
since 1851, as they were then shadowed out by Mr. 
Winaton, and since produced by him and adopted by 
many of our English artists, but as yet feebly followed 
by Continental painters, it is somewhat remarkable, 
that while clearness of metal constitutes the greatest 
improvement in flint glass, the reverse should be the 
case for window glass; in fact, that while homogeneity 
should be the essential property of flint glass, impurity 
is equally necessary for the successful imitation of the 
ancient glass,in attaining the same depth of colouring, 
and the absorption of the rays to be found in the 
coloured glass of the thirteenth century: it, therefore, 
seems anomalous that the inferior fuel, for melting 
the materials, also that the metals, sand, and alkali 
possessed by the ancients, which were less pure than 
those used by the moderns, should have furnished 
greenish white, and pot-metal coloured glass, so exactly 
suited to produce the best effects for pictorial windows. 
Resuming our remarks upon enamel painting, there 
was the brown painted smear, and stipple shading, also 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


[Nor. 1, 1862 


glass artists generally adhered to the early grotesque style in 
imitation of the past age; and in that respect, in 1851, were 
superior to the English; and, with the exception of the beautiful 
windows painted by Bertini and his school, that style is still re- 
tained. Bertini’s windows in 1851 and 1862 may be classed in 
the mixed style of the old mosaic, and the enamelled style of the 


, nineteenth century. The excellence in design and execntion of 


the former was generally admitted, although insufficient trans- 
parency was occasioned by the too era opacity of the principal 
central figure. The Madonna and Child of Bertini, of 1862, may 
be considered as one of the gems of this Exhibition. 

The art of glass painting ahould have a special mode of treat- 
ment, impressed upon it by the nature of the material, as oil for 
canvas, and fresco for ceilings and walls. Glass being the 
medium through which the light passes, transparency must be its 
condition: different degrees of transparency are admissible: but 
when a large portion of the glass is so opaque as almost wholly 
to preclude the transmission of the rays, an essentia] condition is 
infringed. The style of the sixteenth century, or earlier perioda, 
modified by the taste and feeling of the nineteenth century, 
should be supported by our designers and glass painters. With 
good original designs, improved antique glass, judiciously leaded, 
with a proper degree of transparency, firat-rate drawing, good 
Shadows, and well-arranged colours, forming, as a whole, a work 
of art, rich, harmonious, and impressive, patrons will not be 
wanting for the decoration of our ecclesiastical or domestic build- 
ings. No doubt artists are influenced considerably by their 
patrons, each of whom may have his settled convictions as to 
style, &c. We should, however, endeavour to preserve the 
beauties and avoid the defects of the drawing of earlier ages; but 
no reason exists, why, as pottery, carving, statuary, and the fine 
arts, have generally advanced, glass painting should be impeded 
or restricted in its progress towards the perfection of the art. 


— eo 


MERITON’S IMPROVEMENTS IN MARINE BOILERS, 


a darker enamel for lines and shadows by hatching, or 
repetition of lines, serving as shadow upon white or 
pot-metal colours. There are several methods of shad- 
ing, some being smooth, employed in early examples, and 


the latter being darker, employed in the grisaille of 
larger works. 

lt may be asked, does the grotesque style of the past 

e harmouise with our present mode of thought? 

ow far does the present Exhibition, considering the 
present advanced state of the fine arts, meet the require- 
menta of the nineteenth century? We reply, it is the con- 
trast between 185] and 1862 that affirms the fact, that in 
most of the English exhibitors, and several of the foreign, 
the art of glass painting has advanced with the times both 
in style and artistic execution. It is, however, much to be 
regretted that few of the windows can fairly be seen to advantage, 
owing to too much interior light, and the exterior borrowed 
lights of the present building being so inferior. Continental 


Mr. Meriton’s improvements in marine and other steam 
boilers, consist chiefly in an arrangement which enables him 
to introduce at the back of the firegrate, in the up-take, a series 
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of vertical or inclined tubes of a circular, oval, or any convenient 
form, connecting the water-space at the top of the boiler with 
the water-space at bottom of boiler behind the bridge at back of 


Fria. 4. 


graté, and thereby increasing the heating surface and consequent 
evaporative efficiency of the steam-boiler. By this arrangement 
he is also enabled to render the- tubes and other of the 
boiler more accessible for the purpose of repairs and cleaning or 
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oe operations, than other forms of boilers. The advantages 


claimed for these improvementa bene the facility with which 

boilers constructed upon this principle may be thoroughly re- 

paired, and the parts most subject to wear may be renewed, 

without laying up the vessel for any length of time. Boilers 

constructed upon his principle, he states, may be used for a very 

a longer period without requiring lifting, than ordinary 
ilers. 

In the engravings, Fig. 1, is a front elevation, with doors at 
one side removed; Fig. 2, a longitudinal section; and Fig. 3, a 
plan of an ordinary marine tubular boiler, to which Mr. Meri- 
ton's improvements are applied; and it will be seen that these 
improvements do not interfere with the present construction of 
boiler, but consist in introducing, as before stated, into the up- 
take A, a series of tubes BB, which may either be placed verti- 
cally, as shown in Fig. 2, or inclined at such angles as may be 
found desirable; and the tubes themselves may be made either 
circular in section, oval, or of any other suitable sectional 


` form. The smoke and heated currents of air pass from the fire- 


boxes CC, around the tubes BB, and thence along the tubes 
placed as in ordinary marine tubular boilers, horizontally, into 
the smoke chamber D, and funnel The manhole doors are so 
placed or disposed that access can be readily had to all the tubes 
aud all the parts of the boiler, for the purpose of cleaniug or 
repair. 

Fig. 4 is à modification of Mr. Meriton's invention, also applied 
toa marine tubular boiler, of which it is a longitudinal section, 
in which the connection between the water-space at the top of the 
boiler and the water-space at bottom of boiler is maintained by a 
tube or tubes B; but the currente of heated air or gases are 
made to pass through the other tubes b, b, b, b, instead of around 
them, the boiler being constructed as shown, so that the tubes 
are in this instance surrounded by water—the currents of heated 
air and gases passing from the fire-boxes up throngh the tubes 
b, b, b, b, thence in a downward direction to the horizontal tubes, 
and to the smoke-chamber D and funnel. At G isa plate which 
prevents the currents of heated air and smoke passing direct to 
the horizontal tubes, and is at the same time so constructed that 
it can with facility be removed and replaced for cleaning or 
repairing the tubes or other of the boiler. 

Fig. 5 is a sectional elevation, and Fig. 6a plan of Mr. Meriton's 
invention as applied to an upright or vertical boiler. B B are the 
tubes communicating between or connecting the water-spaces 
above and below; these tubes also utilise to a very great extent 
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the currents of heated air and gases, and materially increase the 
heating surface ofthe boiler. It is proposed also to use a deflector 
H, the object being to deflect or throw off the currents of 
heated air and gases so as to cause them to reverberate against 


Fre. 6. 


the tubes B B, aud inner shell or casing of boiler, in order to get 
the greatest possible amount of heat before the heated air and 
gases are allowed to escape. The deflector H may be made of 
metal, and hollow, and tubes may be connected therewith, as 
indicated by the dotted lines, for the purpose of superheating or 
drying the steam. 
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SANITARY IMPROVEMENTS AND APPLIANCES AT 
THE INTERNATIONAL EXHIBITION.* 


As a general result it does not appear that the actual thought 
stirring among men is, in sanitary contrivance, very great. The 
amount of education on the subject is still deficient, and all pro- 
gress must be slow until the nation is brought up a little farther. 
There is, in fact, a desire for change—in some instances to the 
worse—from an ignorance of the part we have left behind. At 
the same time, the amount of knowledge is very unequally diffused 
in different parts of this country, aa well as in different parts of 
Europe. In this country we seem to have attained a much more 
refined idea of that which is pleasant to the lungs; and we havea 
higher idea of purity of air, water, and food. But in different 
parts of England, Scotland, and Ireland the differences are also 
great, the improvements being the consequences rather of imita- 
tion than of public instruction. Men learn more by example than 

recept—an old maxim, most wonderfully illustrated in the Exhi- 
ition, and which is the very cause of its existence. 

Sanitary reforms, such as they appear at the Exhibition, show 
that men are striving after materials with which to act, and also 
after forms in which to embody the well-known old ideas. New 
ideas of a purely sanitary kind we have absolutely none before 
us, although since 1851 the subject has grown widely. We know 
more of the condition of the air: we know more of the necessity 
of ventilation, and more of its difficulty; but the progreas of our 
knowledge has not been seen in the Exhibition. Thus far we see 
a defect in it: the whole circle of human invention has not been 
exposed to view; and room is made for improvement in a future 
Exhibition. Although we have not shown all that has been done, 
we must not forget that much is still undone. We have not 
learntthe best mode of ventilation, nor solved the sewage problem. 
We have not decided on the best way of rendering all the food 
sold to the poor and to the rich perfectly free from noxious 
adulteration& We have not liberated ourselves from the fear of 
being poisoned by arsenic on the walls; nor, if this be poisonous 
when used on paper, have we decided if it is wise to live with 
other noxious metals around us ready to fallin powdery oxides 
as dust into our luugs. We have not solved the problem of the 
best pipe for supplying water, which with the purest supply shall 


* From Report of Jury on Section B, Class X., International Exhibition. 
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still give us no lead or injurious metal, although one patent which 
has gone far towards this exists, but little used, and not exhi- 
bited. We have not learnt how to live in great communities, 
enjoying the advantages of social intercourse, without the disad- 
vantages of many accumulated evils, in which we breathe with 
dislike. We have not solved the problem of smoke, of sulphur, 
and of arsenic in our towns, our manufactories, and especially our 
mines and metal works. We cannot warm and ventilate a small 
room so as to make it healthy and comfortable; and we cannot 
build & house suited to the wants and the wages of our popula- 
tion. 

These are a few of the problems before us on which the nation's 
eyes have been more distinctly fixed; and the response in the 
Exhibition has not been so great as the intellect of the country 
led us naturally to expect. 


VENTILATION. 

There are several attempts to solve the great question of ven- 
tilation. Amongst these, several applications of wire-gauze and 
potet zinc for ventilating rooms are included in our section. 

he general principle of all of these is the admission of fresh air 
diffused through a small opening, either by simply drawing down 
the windows, or by opening a slide valve: there is nothing in any 
of them calling for special remark; but generally they are all 
applications of a long-established principle made in the right 
direction. Cooke’s apparatus claims to do more than this, but it 
was not demonstrated to the Jury. It is neat, and never intru- 
sive, and must, like all gauze blinds, remove au immense amount 
of dust. Two other forms of ventilating apparatus are exhibited 
in the same place, which have higher claims to commend them. 
One is the glass-louvred ventilator of Mr. Moore (United Kingdom 
— 2393) the very extensive introduction of which is sufficient 
proof of its simplicity and usefulness, The other is a concentric 
tube, exhibited by Mr. M‘Kinnell (United Kingdom— 2392), with 
its application to the ventilation of ships and dwellings. There 
are other applications of the same principle not in the Exhibition, 
but Mr. M‘Kinnell’s contrivance is an ingenious adaptation, and 
merits recompense. We preferred to select the glass-louvre of 
Mr. Moore and this ventilator of Mr. M‘Kinnell for honourable 
mention; the former on account of its simplicity and general 
utility; the latter on account of its applicability under certain 
conditions to closed apartments and holds of ships. Mr. Moore's 
ventilator is of glass, and in the form of a Venetian blind. It 
opens or shuts by changing the angle of the laths of which it is 
composed, as a Venetian blind does, but it is not made to te 
raised or lowered. 

There are several applications of the principle of warming part 
of the fresh air admitted into dwelling-houses by means of the 
waste heat behind the fireplace. They are all improvementa 
more or less ingenious, and iu the right direction; but the subject 
is comparatively new, and none of these applications are of such 
importance as to merit special recompense. 

Mr. Watson, of Leeds, had long ago introduced his double tube 
or tube with a diaphragm, which under many circumstances, acta 
remarkably well; but instead of one branch having a current up 
and another down, it frequently happens that the air is found 
moving in both tubes in the same direction. Mr. Muir, of 
Glasgow, removed the difficulty to a great distance by having the 
square tube crossed twice diagonally, and so causing with almost 
every wind au inclination to produce a difference in the four 
currents. There are numerous situations in which it must 
supply abundant pure air at all times. These four tubes are 
stationary substitutes for the two cowls, one towards the wind, 
the other from it, and which must be moved according to the 
direction of the wind. There is however a natural difficulty 
inherent in the subject itself—that of causing two currents of air 
to run together so very closely. Mr. M‘Kinnell puts one tube 
within the other, and this plan is said on high authority to be 
extremely beneficial in holds ofships. But when currenta of air 
come so near each other, they must cause numberless eddies, and 
the impure air can only pass after being very much mixed with 
purer air, and thereby a much greater amount of heat ig lost 
than is at all needful. Many praiseworthy attempts are made to 
purify the atmosphere of a room by merely bringing the sir 
through perforated wire-gauze, zinc, or glass. 

There are several inventions for causing the air to tarn corners 
before entering a room,—that is, to cause it to enter in a zigzag 
manner. There may be some value in this, as the great violence 
of the wind is prevented, aud rain is also kept out at the same 
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time; but they promise little. No invention in ventilating will 
ever dispense with an abundant supply of pure air. Many have 
a good method, but are afraid to use the large quantity of air 


uired. 

"Meur Doulton and Co. separate the flue of the ordinary fire- 
place into two parta with a zinc partition: the one is for the 
smoke: the other is connected with the upper part of the room by 
an opening, where Arnott’s valve is usually put. This removes 
the warm and fouled air; the draught being caused by the heat 
of the parallel flue, as well as the heated air of the room. An 
Arnott's valve may be added. This of the Messrs. Doulton 
cannot be adapted to ordinary fireplaces, but it seems to be 
extremely promising for new houses. 

The Military Commission of Vienna, appointed by the Govern- 
ment to inquire into the question of ventilation, has decided on 
using mechanical means; and a fan drives theair forward into the 
garrison hospital. A medal was awarded to the Imperial Royal 
Commission. : 

Mr. Zimara, of St. Petersburg (Russia—316), exhibits a stove 
which conducts the heated air and products of combustion through 
& numerous collection of earthenware tubes under the dwellings, 
and allies itself more with the old Roman method. It is a plan 
which in cold climates may be of the greatest advantage, although 
too heavy, cumbersome, and expensive for small houses, even 
there. By it the whole under-part of a house is in fact converted 
into a Dutch stove, which long retains its warmth. A medal was 
given to Mr. Zimara. 

Mr. W. Pierce (United Kingdom—2395) is mentioned honour- 
ably for his mode of Huthuance’s drying chamber for clothes. 

None of the models at the Exhibition use the heat of the fire so 
as to warm the space between the walls, and to render it a drying- 
room for clothes. The model washing-houses are very valuable 
for the poor, but a commodious way o er] the heat produced in 
their own fires at home is very much wanted. At present a great 
deal of the heat is expended in drying bricks and mortar that 
never ought to have been wet. This would be much better em- 
ployed in warming the room itself, or even an intramural cavity, 
which would also give out some heat to the rooms. This, how- 
ever, occupies space, which is not generally to be spared. 

The great demand in this country is for warmth and dryness: 
give these, and we are ready to ventilate sufficiently; deny these, 
and the whole population instinctively prefers bad air to cold- 
giving air: therefore, if we ventilate sufficiently, we must warm 


AB TO DRY “CLOSETS.” 

Mr. Spence had some time ago cured his own house in Pendle- 
ton, Manchester, of a sewer disease, by connecting the sewer with 
the house chimney; and he proposed to carry all the air'of the 
sewers into chimneys, or into one great chimney which would 
supply the whole city, the effluvia to be disinfected by the smoke: 
this plan included the separation of surface-drainage. But the 
separation of surface-drainage would probably render the opera- 
tion of purifying towns a profitable one, even with our present 
knowledge of the value of sewer water. Mr. Spence went so far 
aa to propose one chimney for the whole of Manchester—a bold 
and (many will add) a fine idea. The ventilation of sewers 
and of water-closets by leading the effluvia into the air without 
disinfection is a most inefficient method of purifying air. It cer- 
tainly removes the evil from our own houses, but it sends it to 
our neighbours, although in a more diluted state. If this were 
done by a whole community, we should have our towns no whit 
better than now—perhaps worse; because there are increased 
inducements given to evaporation. If the sewers are ventilated 
however, Dr. Stenhouse's mode, through charcoal, is decidedly 
the best. 

Several have acted on the idea of disinfection, aud produced dry 
closets which shall give no eflluvia. G. Smith and Co, of 
Glasgow (United Kingdom—2401), have exhibited one which 
pours out sawdust from a perforated box every time the lid is 
closed. Mr. Owen, of Manchester, had some time before done the 
same with McDougall’s disinfecting powder. The same substance 
ig used by Messrs. Muir and Carrick in their dry water-closet; 
and Dr. Lloyd, of Anglesey, seems to prefer charcoal in that 
which he has been recommending: he seems to have been the first 
of the class, and made many models not brought to the Exhi- 
bition, There seems, in fact, to be a movement towards dry- 
closets, and an inclination to object to water-closets. This has 
arisen from the condition of the Thames chiefly; not unconnected 
also with the Clyde, as well as some small streams scattered up 
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and down England. This feeling has produced several ingenious 
schemes, one from Dr. Joule, who for a while left his other 
important investigations, and contrived underground receptaclea 
for sewage, which receptacles should be emptied by air-tight carts. 
Of these underground receptacles, one to every group of housea 
was considered not to be a return to the old cesspool method, 
which allowed oue or more to each house; and they were to be in 
the towns, because the sewage, not being mixed with the water of 
towns, would not flow far, from its want of fluidity. The expert. 
ence of Paris seems conclusive agninst this system, although, as 
Dr. Joule projected it, it is far superior to that which the Parisians 
are anxious to get rid of, although it issimilar in kind. Mr. O. F. 
Glassford has long advised receptacles of a similar kind, but at 
greater distances: he draws the sewage from them into larger 
receptacles by pumping. 

In Berlin and in Paris the system has been carried on more 
carefully than anywhere, and so-called closed vessels are used for 
the purpose. But it is scarcely possible to keep such vessels well 
closed. Disinfection by chloride of zinc is adopted for the cess- 

la, but whoever has watched the process must be aatisfied of 
its failure. Nowhere does the emptying of ash-pita among us 
cause such a nuisance as the emptying of a disinfected cesspool in 
Paris, with several officials to watch its progress. 

It is rather strange to see how easily men's minds are diverted 
on some points. We forget the great deliverance obtained by 
water-closets, and some are actually willing to go back again to 
a state of pain and misery for the sake of our rivers, instead of 
continuing the process begun, and bringing it to perfection. It 
needs but little ingenuity to reject all inventions made by those 
who have laboured for the benefit of mankind, and to return to a 
primitive state of filth and discomfort, as many contrivances now 
seem bent on driving us. We may consider it as certain that no 
plan will ever be devised for removing refuse from our houses 
equal to an underground flow, aelf-acting and out of sight. To 
wish more seems impossible: to perform this is known to be 
possible: to remove a few difficulties connected with its use in 
some places is all that we require to render the system perfect. 
The wants of. society are becoming more numerous: there is no 
room above-ground for the mechanism by which these wants shall 
receive attention: the earth can cover up or destroy all that 
annoys us. It must, however, be confessed that there is a neces- 
sity for the dry system in many places where cold or dryness 
prevents a flow. 

WATER SUPPLY. 

Fortin-Hermann, Brothers (France—1189) have introduced 
several alterations into the system of water supply : amongst these 
is a mode of joining pipes. The two pipes are attached by an iron 
collar, rather loosely, so as to allow a collar of lead which is fixed 
on each to slip under the iron collar: the lead is then hammered 
inwards. By this means a certain flexibility is obtained in the 
joints, which is an extremely important consideration. The two 
pipes may be lifted up as one. When it is required to undo them 
the flexibility may be extended to rupture by one or two men 
leaping on the point of junction, the distant extremities of the 
pipes being supported. The water-taps are made so that they 
shut themselves by their simple weight: they are opened by 
merely lifting up the point, as there is no pressureof water. This 
pes is removed by each being supplied with a small cistern, 

ept full by a ball and tap. The entrance to the water-tap on 
the causeways is made by one pipe sliding over another, so that 
when waggons pass over it the openiug sinks with the pavement. 
A medal was awarded to Messrs. Fortin-Hermann. The bouche 
sous trottoir adopted by the city of Paris, placed flush with the 
level of the ground or pavement, replaces the standpipe. It is 
a hydrant, which is also used for gutter-washing and road-water- 
ing. The bouche d’arrosage, used for watering public roads, is also 
a step distinctly in advance of our usages in England, where 
water ought to be abundantly supplied for all purposes. 


BRICKS AND EARTHENWARE. 

Bricks generally do not come under Section B of Class X., but 
a De and highly-glazed specimen, made by Mr. Jennings 
(United Kingdom—2386), called for special attention. It is used 
at the Herbert Hospital for the purpose of preventing the rise of 
moisture into the other bricks of the building. It forms the first 
layer above the surface of the ground: by this means the surface 
can never convey its moisture to the bricks above this layer. It 
is perforated, and by this means allows free access of air to the 
space under the floor of the building, This brick is exceedingly 
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strong ; and it is believed by the inventor to increase in strength 
because of the perforations. Wedo knowthat a great amount of 
moisture may be raised from the moist earth by absorption, —an 
amount which may, and which does, entirely destroy the health 
and comfort of dwelling-houses, and, we may add, the houses them- 
selves. The same effect is abundantly observable in houses built 
with very porous bricks or other porous materials. During wet 
weather a great amount of water is absorbed; and when warm 
weather comes it is evaporated, removing from the du ur. in 
great deal of heat instead of contributing to comfort, In this 
land of a showers there is seldom an interval sufficiently 
long entirely to dry the bricks; and fires are used to prevent 
dampness, which might easily be preveuted by using good build- 
ing materials. We much need a brick for the whole building 
which shall resemble this made by Mr. Jennings in the compact- 
ness of its structure and the smoothness of ita glaze. Another 
result would follow: the blackness of the rain falling in our 
smoky towns would not leave its traces: these black spots would 
be removed by showers rather than left by them, as we find to be 
the case where a smooth surface is exposed to the action of wind 
and rain together. 

Mr. Jennings obtained & medal for his general improvement in 
arrangements for sanitary purposes. There are some specimens 
in the retiring-rooms of the Exhibition. There was a complete- 
ness in the arrangements and fittings which very much pleased 
the Jury. 

EARTHENWARE PIPES AND VESSELS. 


Messrs. Doulton and Co., of Lambeth (United Kingdom— 
2268), shewed some very beautiful specimens of earthenware. 
Sewers were exhibited 3 ft. by 2 ft, and made in segments. The 
sewer is made with hollow walls, or two thin walls with a space 
between them. Each piece formed about the fourth part of the 
whole cireumference, and is fitted on the others. When packed 
for carriage the hollow walls save a great deal of weight; and the 
segments being fitted on each other save a great amount of space, 
as one curve nearly corresponds to the other. This must effect 
a considerable saviug in expense of carriage. The various parts 
are cemented; so that here there is some additional outlay in this 
reapect; but for foreign pee the packing and carriage must 
far outweigh the expense of cementing. 

The principle has been applied to the formation of tubs and 
cisterns of earthenware, In this case the segments are dove- 
tailed and cemented, very large vessels of earthenware inay, in 
this manner, be made at a moderate expense. At the same time 
it is not at all improbable that by doing this we are cutting 
instead of unravelling a knot. It seems as if the manufacture of 
large earthenware vessels were rendered difficult rather by our 
ignorance, which it would be well to remove. than by natural 
obstructions; although a substitute for knowledge not yet attained 
1nust of necessity have some of the characteristics of the real 
knowledge itself, as in this fine specimen of Messrs. Doulton’s 
pottery, 

A medal was given to Messrs. Doulton; also to Miller and 
Hochstetter (Austria—1390) for earthenware pipes; and to 
A. Richter (Austria— 1393). 


PAINTS, 

There is a considerable amount of attention paid. to hydro- 
carbon paints by oH aay of Cherbourg (France—1270), and by 
Ruolz and others. These paints are chiefly pitch or wax, or both. 
The difficulty, ot course, is to remove the dark colour of the pitch. 
This is done in some cases with a good deal of success when the 
coloura themselves are dark; and among these, especially, oxide 
of iron may be mentioned. M. Dupont uses it for wood and iron. 

L. Machabée (France—1380) uses fat, wax, and pitch to cover 
pipes, as has been done in this country. These were shown by 
the Paris Commissioner; but the section did not seriously con- 
sider them, both because they were brought in hastily at the end, 
and because they seemed not intimately connected with the sub- 
ject of inquiry. 

WATER PIPES. 


Water pipes of paper and asphalte have been made by several 
parties, A curious objection was found to occur in Switzerland : 
the paper was eaten by insects. Guicestre and Co. (France—1255) 
make them also of sand aud pitch. M. Sebille, of Nantes, uses 
finely-ground slate, and makes a very fine tube. He shows the 
value te be in the simple mode of making a joining. The parts 
to be united are melted by a hot iron and put together: When a 
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curve is to be made the pipes are merely warmed before a fire, 
and bent as desired. The pipes are prepared in moulds, into 
which the substance is put when soft, and, being pressed tightly, 
is left to cool. Pipes 3 inches in diameter inside can be made for 
23d per metre, or, let us say, per yard. With a capital of £500, 
10,000 metres can be made in a day, according to M. Bebille. 
When the pipe is very large, the ends have a piece of sheet-iron 
inserted into them. About one-fourth of the pipe is tar, and 
three-fourths of slate. The pressure which they stand is said to 
be 10 to 12 atmospheres. M. Sebille also shows tubes made of 
pitch and ooarse sand and cinders, useful in conveying acids. In 
addition, there are tubes of lead coated with tin; the coating 
made when the tube is being drawn. This plan seems to have 
gained a good deal of consideration in France. In Manchester it 
was tried about fourteen years ago with great care. The coating 
was made when the lead was ech: melted tin was placed at the 
top of the core which determined the size of the bore, and the 
lead took up the tin when it was eoft. Pipes were laid down in 
Salford, aye specimens were examined after one, two, and three 
years. Tbere was a manifest progress towards separation of the 
two metuls eveu during the first year; and in the third year the 
spots were both numerous and large; the lead surface giving way 
more rapidly when the tin was removed. The manufacture was 
discontinued. 

A medal was awarded to M. Sebille for his ingenious employ- 
ment of bitumen, slate, and refuse materials. 
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THE CONSTRUCTION OF LIGHTING APPARATUS 
FOR LIGHTHOUSES.* 
By ARMAND MASSELUN, 
(With Engravings.) 

Tre lamp necessarily forms a very important part of the 
lighthouse apparatus, in the efficiency of which, it is an essential 
element. The lamps generally used in the larger dioptric lights 
are of the class known as mechanical lamps, in which the oil is 
forced from a reservoir into the burner by means of a pump 
worked by clockwork driven by a weight. Although this con- 
struction of lamp is simple enough, it requires that the keepers 
should be trained to its use, and should have a thorough know- 
ledge of the way of taking it to pieces for cleaning and then 

utting it together again, before they are sent to their respective 
f; hthouses. As this precaution was not at first universally 
opted in lighthouses, complaints were made against the mecha- 
vical lamp; and in consequence lamps of the simplest possible 
construction bnt inefficient in action came into use in this country, 
consisting simply of a side reservoir communciating by a tube wit 
the burner, the level of oil in both being the same. The conse- 
quent absence of overflow prevented a high flame from bein 
obtained, and greatly impaired the efficiency of the light, whic 
doubtless considerably retarded the adoption of the dioptric 
system. Pressure lamps were also made more lately, consistin 
of a large cylindrical oi] reservoir containing a piston fitted wit 
a cupped-leather packing, the spree being obtainel by a 
number of small weights arranged round the piston, whereby the 
oil was forced through a side tube into the burner. These lampe 
however presented many inconveniences: the pressure could not be 
conveniently varied, since the addition of one weight tended to 
cant the piston out of its horizontal position and allow the oil to 
escape at the opposite side. The cylinder being made only of 
sheet brass, and therefore not perfectly cylindrical, a considerable 
difference of diameter between the peton and cylinder was 
required; and when the oil became rather warm, the leather got 
so soft that it was liable to turn over and render the lamp useless. 
The piston being entirely submerged lost a portion of its weight, 
and whenever the pressure had to be varied, the weighta taken 
out were covered with oil, and there was a great waste by the oil 
being spilled: there was also a liability to leakage from the body 
of the lamp being made of several parts soldered together. 

The conditions the lamps are required to fulfil are:—a constant 
and even supply of oil to the burner, equal to fully four times the 
consumption; simplicity of construction, so that any unskilled 
mechanic can take the lamp to pieces and put it together again; - 
freedom from liability to derangement; and an accurate fit of the 
various parta, eo that all duplicate parts will fit equally well. 


* Concluded from page 297. 
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To meet these requirements the writer designed the construc- 
tion of lamp shown in the vertical section Fig. 5, Plate 24, which 
has fally answered the purpose. The brass cylinder C, containing 
the oil for the lamp, is cast solid in one piece with the bottom, 
and bored ont truly cylindrical, and is fitted with a turned piston 
D, having a cupped-leather packing; the three piston are 
aruna, at top to a wrought-iron ring E, seen in the plan 
of the top of the cylinder Fig. 6, to which are attached the side 
rods passing down outside the cylinder to the wrought-iron ring 
below, which carries the weight F. The piston is steadied against 
any small lateral oscillation by six leather guides G fixed round 
its circumference; and any air underneath is let out through the 
centre vent cock H. The oil is forced out at the bottom of the 
cylinder through the upright tube I leading to the burner J, the 

uantity being accurately adjusted by a conical regulating valve 
having an index on the screwed handle which shows the 
quint of oil supplied to the burner per minute or per hour. 
hen the piston has descended to the bottom of the cylinder, it 
is wound up again by the racks and pinious LL, Fig. 7, shown 
attached to the bottom of the cylinder, and the oil is prevented 
from being drawn down from the burner by a check valve con- 
sisting of a small ball M situated in the feed-pipe I. The burner 
remains therefore constantly fully supplied with oil; and the time 
occupied by winding up the weight being only a few seconda, the 
overflow of oil is not visibly affected. As impurities from the 
charring of the wicks, and especially a quantity of flue or dust 
from the cotton wicks, are constantly brought into the cylinder 
by the overflow oil, and afterwards drawn under the piston, these 
would find their way up through the feed tube I into the burner 
J, which would cause a stoppage of the supply of oil to the 
wicks. To prevent this, a fine wire sieve N is placed in a box in 
the feed tube I, which arrests any impurities in the oil, and can 
be opened and cleaned out occasionally in the day-time when 
required. Should the sieve get stopped up duriug the night 
while the lamp is burning, it can be changed in less than a 
minute, which does not interfere with the working of the lamp. 
Each wick is provided with two oil tubes, whereby a constant 
supply of oil to each wick is obtained, instead of all the wicks 
being fed by a single exterior tube, as in the previous lam 

In order to produce a proper illumination of the horizon by 
this light, it is essential that the full height of flame should be 
kept up, maintaining the flame correctly in the focus of the appa- 
ratus, without which the best optical apparatus would be imper- 
fect in action. For this purpose the overflow of oil must never 
be leea than three or four times the actual consumption; otherwise 
the wicks will burn down to the edge of the burner, and the 
intense heat produced would very soon destroy the burner itself. 
Moreover, when the supply of oil is too small, the heat of the 
flame has time to act on the small overflow, and considerabl 
deteriorates the quality of the oil; and the overflow being all 
returned into the reservoir, the quantity of deteriorated oil in 
e reservoir increases, until it is Impossible to maintain a good 

me. 

The proper shape, diameter, and position of the shoulder or 
contraction O, Fig. 5, in the glass chimney used for the lamp is 
of special importance, since this has a direct influence upon the 
shape and height of the flame, and consequently upon the inten- 
sity of the light produced. Too sudden a contraction of the glass 
causes the flame to be reduced in height, especially that of the 
outer wick, and no efficient flame can be obtained unless all the 
wicks give a flame of equal height. Too large or too high a 
shoulder of the glass prevents a rapid combustion, and conse- 
quently prevents & bright flame from being obtained, and & 
long flickering one is the result. An adjustable damper is 
placed over the glass; and above this a continuous pipe of about 
6 feet in length from the burner is required to uce a suffi- 
ciently rapid ey em io support the combustion. When the 
lamp is lighted at first, the wicks are kept low for some time, and 

ually made to rise for about twenty minutes, nntil they rise 
about } inch to 8 inch above the burner; then by a alight adjust- 
ment of the wicks to obtain equal height of flame, and the occa- 
sional shutting or opening of the damper P, Figs. 1 and 2, P). 22, 
a most intenaely bright and high flame is obtained and kept u 
during the whole of the night. The diameter of the burner an 
flame of a first order Jamp is 34 inches, and with proper man 
ment the flame is kept up constantly to a nearly uniform height 
of 4 inches. 

Tbe oil used in lamps for lighthouses is the refined colza oil or 
Tape-seed oil, which is the only oil fit for the purpose, and is much 
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superior to the sperm oil formerly used, and is also cheaper. It 
burns with a brighter flame and does not cause so much deposit 
on the wicks, which therefore burn much longer without requir- 
ing to be trimmed. It also requires far more intense cold to 
thicken it than other oils, and there is therefore much less need 
for the small auxiliary frost lamp used in frosty weather for 
warming the oil in the main lamp. The thickness of the wicks 
is another point to be attended to, as a thin wick gives a brighter 
flame than a thick one under the same circumstances. en a 
lamp is in proper condition, supplied with proper materials, and 
iu the metn of a moderately careful attendant, the flame can be 
kept up for fully seventeen hours to its full size, untouched, 
without requiring to have the wicks trimmed. The quantity of 
oil consumed in a dioptric light during a given period is thus toa 
certain extent a test of the efficiency of the light, as it indicates 
the height of flame kept up during that time. 

The construction of the apparatus for producing the revolution 
in revolving lights is shown in Fig. 2, which represents a revolv- 
ing light recently constructed by Mesars. Chance, for Russia. 

The revolving platform D carrying the optical apparatus is 
mounted on a large cast-iron pedestal E, within which is placed 
the clockwork G, for producing the revolving motion. The 
revolving platform D is carried on twelve gun-metal rollers HH, 
centred on a live roller frame I, running round a fixed centre 
shaft J, on the top of the pedestal. The roller paths on the top of 
the pedestal E, and the ufderside of the revolving platform D, are 
of steel; and the rollers H are fitted on their spindles with washers 
of different thickness, to allow of alightly varying their positions 
from time to time, in order to avoid grooving the paths 
running constantly in one line. The driving motion is communi- 
cated from the clockwork (1 by a pinion gearing into an internal 
toothed wheel K on the underside of the platform D. Formerly 
a simple spur wheel worked by the pinion was used, but it was 
found that the motion was never steady enough in this mode of 
driving, on account of the small number of teeth in contact and 
the backlash between them: but with an internal wheel the 
number of teeth in gear at & timeis much greater, and the motion 
is rendered much more smooth and regular. The clockwork G is 
driven by a heavy weight, and the speed is lated by a pair of 
flies on the pbi L, which are adjusted to the proper angle for 
controlling the motion to the required speed. The whole of this 
improved arrangement of clockwork and pedestal was devised by 
Messrs. Stevenson of Edinburgh, for the service of the Northern 
Lights, where its constant use for many years has proved ita 
rl gi over the arrangements adopted in all other revolving 
lights. 

e optical apparatus itself is of an octagonal shape, as shown 
in the part plan, Fig. 4, and the frame is constructed entirely of 
guu-metal. The catadioptrio prisms BB composing the upper 
and lower portions of the light are fixed in the eight gun-metal 
standards of the frame; but the lenses A forming the central 
portion are carried in separate frames, bolted to the standards, 
with a slight clearance left at the top, to prevent the risk of an 
weight coming on the rings of glass forming the lenses, whi 
being in close contact with one another would give way under the 
least pressure. At the bottom the prisms B are omitted in one 
side to allow of access to the lamp C, which is erected upon a 
stand on the service table, as shown in Figs. 1 and 2. A copper 
ventilating tube M extends up above the lamp into the neck of 
the cowl, Fig. 8, Plate 24, on the plan introduced into the light- 
house service by Professor Fı y. The inverted funnels N 
placed at different levels in the ventilating tube afford a free 
escape to any accidental downward gust of wind, and thus prevent 
any risk of the lamp being blown out; and it is found by e: 
rience that the wind may lise in suddenly at the cowl, ut the 
effect never reaches the lamp. The draught of the heated air in 
the tube M also draws off through the funnels a quantity of the 
air of the lightroom, thereby perenne condensation of the moist 
air upon the glazing of the room, which would otherwise interfere 
Pe with the efficiency of the light. A short length of the 
tube at the bottom containing the damper P, Figa. 1 and 2, is 
made to slide upwards, to allow of phages the glass chimney, 
but so as not to weigh on the glass, or when the glass is 
taken out. 

The lantern, within which the whole of the lighting apparatus 
is contained, is shown in the part vertical seetion Fig. 8. It is of 


an octagonal shape, as shown in the part plan, Fig. 9, and is 13 
feet diameter, formed of cast-iron panels with the joints planed to 
the proper bevil, so as to fit solid together. The standards O 
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supporting the dome of the lantern, and forming the framing for 
the plate glass panes, are inclined alternately right and left, which 
adds tly to the stiffness of the structure, while the light is not 
entirely intercepted in any vertical plane, as would be the case if 
the standards were vertical. The standards are of wronght-iron, 
of a bevil section, as shown enlarged in Fig. 11; to prevent 
corrosion by the action of the sea air they are protected along the 
outer edge with a gun-metal facing R, grooved to receive the 
plate glass panes S, which are then secured in their places by thin 
covering strips of gun-metal screwed on outside. Two seta of 
gun raria astragals T, Figs. 10 and 12, to support the glazing, are 

xed horizontally between the standards, at the level of the joints 
between the refracting lenses and reflecting priams of the optical 
apparatus, so as not to stop any of the raya emanating from 
the light. 

The glazing S of the lantern consists of panes of plate glass 
about $ inch thick, the edges of which are ground and the arrises 
bevilled to prevent breakage in fixing or in any possible shakin 
of the lantern in a violent gale. Small strips of lead are placed 
between the glass and the gun-metal frames, and the interstices 
are filled up with putty. The glass lies entirely within gun-metal 
frames, and there is no difficulty in replacing a broken pane at 
any time. To guard against an accidental stoppage of the light 
th tengo breakage of a pane in a gale, or by sea-birds flying against 
the glass, storm panes are provided made of a copper frame 
glazed with thick glass, which are kept always ready in the light- 
room, aud can be fixed in a few minutes in place of a broken pane. 
The Sopp dome U, Fig. 8, forming the roof of the lantern, is 
made double, with an air space between; and the cowl V at ita 
summit revolves with the weathercock, to turn the openings 
always from the wind, allowing a free escape for the heated air 
from the ventilating tube of the lamp. 

The efficiency of a dioptric light depends entirely upon the 

roper adjustment of the various optical elements which compose 
it. The vertical divergence of the raya ot light depends on the 
dimensions of the flame of the lamp, and seldom exceeds an angle 
of 5 degrees, which is amply sufficient for all practical purposes. 
For an angle of vertical divergence equal to one fourth of the di 
of the horizon illuminates half the whole distance from the hori- 
zon to the lighthouse; and an angle of vertical divergence equal 
to the dip of the horizon illuminates three fourths of that distance. 
Within a mile or two from the lighthouse however an angle of 
vertical divergence equal to the dip of the horizon illuminates 
only a small fraction of a mile, showing how little is gained by 
increasing the vertical divergence at the sacrifice of brilliancy at 
the horizon. Thus, for a tower of 100 feet height, about 1-6th of 
a degree (9' 45”) is the amount of the dip of the horizon, and a 
further angle of the sume amount illuminates the sea from the 
horizon towards the land for a length of 84 nautical miles, the 
total range of the light being in this case 118 miles. Fora tower 
of 200 feet height the dip is about 1-4th of a degree (13' 46”), and 
a further angle of the same amount illumiuates from the horizon 
a distance of 12 miles out of a range of 16 miles. These figures 
show that a vertical divergence equal to the dip of the horizon is 
quite sufficient to illuminate the sea from the horizon up to 
within a moderate range of the tower. 

The efficiency of the light depends also upon its being correctly 
adapted in direction and divergence to the particular elevation it 
is intended to occupy, otherwise a portion of the brightest rays 
may pass above the horizon and consequently be lost, instead of 
being of service at and within the horizon. The dioptric system 
also affords peculiar facility for directing the light upon any 

icular point where it is more especially required. For 
instance: a light may be required merely as a sea light, for the 
purpose of signalling to mariners their approach to the land; in 
that case the most intense light of the whole apparatus is directed 
towards the horizon. Or a light may be required to illuminate 
the horizon, but most particularly the sea in the neighbourhood 
of the land, the approaches of a harbour, or some particular local 
danger; in that case the light of some portions of the apparatus is 
directed towards the horizon, and the light of the other portions 
is deflected towards the point requiring special illumination. 


A specimen of one face of the optical apparatus, containing the 
lenses and prisms of a revolving light, was exhibited from 
Messrs, Chance’s glass works; and also a specimen of the pres- 
sure lamp used for thé most powerful lights; and, in the course 
ef the discussion which followed the reading of the paper, 
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Mr. Masselin stated that the old mechanical lampa were com- 
plicated in construction, and the clockwork for working the oil 
pumps had to be got into a confined space, being more like watch- 
work than clockwork, and requiring a skilled mechanic properly 
trained to manage it; and as lighthouses were generally situated 
at a distance from any town, it was a serious objection to bave 
any liability of requiring to send away to get the necessary 
repairs done. The pressure lamps now used were of simple con- 
Btruction, and stronger iu all the parta, as shown by the specimen 
exhibited; they had no machinery about them requiring atter- 
tion, and there was therefore no liability of the light ever failing 
from the lamp getting out of order. Of course clockwork was 
still required for making the lights revolve, but this was so much 
stronger and larger that it was not liable to get out of order, and 
admitted of easy repair. 

Each wick was raised independently of the rest by a separate 
screw, and all were turned up to exactly the same level, standing 
about &-iuch above the burner, of which about j-inch became 
blackened by the flame, leaving $-inch steeped in the overflow of 
oil standing above the burner. 

The entire burner, together with the glass chimney, was readily 
removed by simply unfastening two screws, and it could then be 
immediately replaced by a fresh burner, which was kept always 
ready at hand in the lightroom; but such a case never occurred 
in practice while the light was burniag at night, because the 
supply of oil was maintained constantly greater than the cone 
sumption, insuring an abundant overflow, which prevented the 
wicks from burning down to the burner. The Fight was now 
kept up with such regularity that the wicks did not require any 
alteration during the whole night, after having been once ad- 
justed to the proper level for producing a brilliant flame. 

There was ample room for getting out the lamp through the 
space left by either omitting the bottom panel of prisms on one 
side of the optical apparatus, or hanging it on hinges. In the 
old lamps, in which the oil cylinder was made roughly of sheet 
brass, and therefore not truly cylindrical, the piston had to te 
made a very loose fit and the cupped leather large; and the 
piston being loaded with weights upon it was liable to get un- 
equally weighted when the weights were changed, so that the 
piston was canted, and the leather turned inside out, rendering 
the lamp useless, and requiring the piston te be taken out for 
resetting the leather. This defect caused a prejudice at first 
against pressure lamps; but in the new lamps with the cylinder 
cast and bored, no such accident could occur, and they were so 
strongly constructed in all the parts that there was now no more 
occasion for providing a duplicate lamp cylinder than for pro- 
viding a duplicate optical or revolving apparatus; but duplicates 
were provided of all the working parta of the lamp which were 
in the least likely to wear. The weight giving the pany on 
the piston was suspended below the lamp, and could readily be 
inereased or diminished according to the degree of fluidity of the 
oil in the cylinder, without disturbing the action of the 
lamp. 

Mr. Masselin said the fountain lamps were not all abandoned 
yet, but they were being gradually replaced as they became worn 
out, by more efficient lamps. There was generally one side of the 
lighthouse towards the land on which the light was less wanted 
than on the others, and the oil reservoir was then placed on that 
side just at the level of the burner. 

The range of the light depended on the height of the light- 
houae and consequent distance of the horizon: at Lundy Island 
in the Bristol Channel, where the lantern was about 5iU feet 
above the sea, the horizon was about 35 miles distant, and tbe 
light was distinctly seen at that distance. The power of the light 
at such a distance depended of course upon the concentration of 
the greatest possible amount of the rays within a very 
angle, and the angle of 6 degrees was the maximum amount of 
vertical divergence in most cases. The extreme minuteness 
therefore of the angles to be dealt with rendered perfect accuracy 
of workmauship and adjustment in the optical apparatus of the 
utmost importance. The middle ray or axis of the light did not 
issue in a true dead level, but was deflected to the horizon, being 
depressed by the amount of the dip of the horizon, ao as to throw 
the strongest part of the light full upon the horizon; and of the 
23 degrees or 150 minutes forming the lower half of the diveg- 
ence, the first 10 minutes alone were sufficient to light three 
quarters of the distance from the horizon towards the lighthouse, 
in the case of a tower 100 feet high. If more of the light was 
wanted on the sea and less on the horizon, the axis was further. 
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deflected, so that the central rays fell on the sea nearer in than 
the horizon. 

Mr. Masselin believed it was only in England and the English 
eolonies that there were any lights remaining on the old reflect- 
ing system, as they had been entirely abandoned in other coun- 
tries for dioptric lighta; and in this country the present reflecting 
lights would no doubt be replaced by dioptric apparatus as soon 
as the reflectors required renewal. He did not know what was 
the greatest distance illuminated by a reflecting light, but with a 
sufficient number of lamps and large reflectors there was no 
reason why as good a light should not be obtained by the reflect- 
ing system, for revolving lights, as by the dioptric; but the cost 
of maintenance and consumption of oil was much greater in the 
reflecting system, and the whole of the reflectors required en- 
tirely renewing after a certain time of wear. The largest reflec- 
tors that he knew of were 21 inches in diameter, and the greatest 
number employed in any one light was from 24 to 30. 

The author stated that eighty years ago there were vo light- 
houses deserving the name, but only a few towers with coal tires 
to serve as beacons; and even as late as 1520 several of the main 
lighta, at Harwich and elsewhere, were only open coal fires with 
a brass plate placed behind as a rude kind of reflector. The 
celebrated Eddystone lighthouse was originally lighted by only a 
few miserable tallow candles, and in 1780 the first reflectors were 
used; but these were made only of plaster of Paris, hollowed to a 
parabolic shape, having the inner face covered over with small 
pieces of ordinary mirror glasa set in the plaster, which were re- 
placed in 1807 by copper reflectors silvered on the face. The 
old reflecting system continued in general use until 1834, when 
Fresnel's more perfect dioptric light was introduced into this 
country, the first being erected on Lundy Island. The optical 
apparatus then consisted of only the annular lenses forming the 
central portion through which the light was simply refracted, 
without any of the catadioptric or totally reflecting prisms by 
which the light was now rendered luminous throughout the 
entire height of the apparatus. The number of lights now in 
use Sound the coast of England was altogether about 200, of 
which only about 38 were dioptric lights; but in the United 
States there were already more than 500 dioptric lights. 

The principle of adjustment was that each prism of glass in 
the apparatus was separately adjusted and fixed at the correct 
angle for the ray from a distant fixed point, to be directed in each 
case to a focus where the flame of the lamp was situated, so that 
all the rays intersected at that focus, and the whole of the light 
from the lip was consequently deflected into the required direc- 
tion towards the horizon. The height that the light had to be 
tixed above the sea being given, the angle of dip of the horizon 
was known, and the whole of this adjustment could consequently 
be made in the works by having a staff erected at a distance as 
the object to be viewed in making the adjustment of the prisms, 
the staff being graduated by calculation to correspond with the 
true direction of the rays if prolonged to the horizon from each 
line of prisms. A sight was fixed in the focus of the apparatus 
at the point where the brightest part of the lamp flame was to be, 
and each prism was separately adjusted until the image ofa 
white line on the vertical staif was correctly thrown into the focus, 
a separate line for each prism being marked upon a staff specially 

usted for each apparatus, aecording to the intended elevation 
of the lighthouse above the horizon. The adjustment was for- 
merly in a few instances made at the sea coast, but by this 
arrangement it was now done atthe works with much greater 
facility. Owing to the flame of the lamp being not a single point, 
but extending over a height of as much as 4 inches in the largest 
size, the central rays only could be actually directed to the in- 
tended point, and the rays from the upper and lower portions 
of the flame gave a total divergence of the light of about 5 degrees 
vertically. Formerly, and still in France, the prisms were all 
set to a dead level, and on account of the dip of the horizon the 
‘central ray was consequently thrown above the actual horizon, 
and more than half the light was lost by being thrown into the 
air, instead of upon the sea; but here each prism was treated 
separately, and set so that its central ray was depressed to the 
horizon or to a point somewhat within the horizon, so as to throw 
the greatest intensity of the light where it was most wanted for 
veasels approaching from a distance, and to make the greatest 
proportion of the light available. 

During the pa of adjustment the prisms were held in their 
places by small wooden wedges; and as soon as the adjustment 
‘was completed, they were secured by a little plaster of Paris at 
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three points of each, which set quickly, and the remaining space 
was filled in afterwards with white and red lead putty; this set 
very hard in a few days, and held the prisms secure in their right 
position, and prevented them from touching the metal frame any- 
where, otherwise tbe glass would soon get chipped. 

The required accuracy of work was obtained by doing the 
grinding and polishing of the prisms entirely by machinery of 
accurate construction. The prisms were set on horizontal revol- 
ving tables, like a horizontal face plate of a large lathe, up to 11 
feet diameter, the prisms of the samesection and the same curvature 
being fixed on the same table in a continuous circular ring of 
the required diameter, and having one face bedded in plaster of 
Paris; the two other faces were then ground and polished in their 
position by a set of rubbers with emery powder and rouge, 
worked transversely by machinery as the table revolved, and 
moning at the required inclination or in curves of the required 

ius. 

No appearance of prismatic colours was noticed in the light, 
and if there were any it was so slight as not to be perceptible, 
probably on account of the resolved coloured rays from the differ- 
ent prisms being so completely intermiugled by the vertical 
divergence of the light as to reproduce the white light free from 
prismatic colours. 


— 
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THE thirty-second session of the British Association com- 
menced its meetings at Cambridge on the 12th ult. 

The University and the municipal authorities did all in their 
power to contribute to the success of the meeting, and to the con- 
venience of the members and visitors. The Senate-house and the 
halls of the various colleges were thrown open for the meetings of 
the sections, and the corporation placed the Guildhall at the dis- 

l of the Association for their general and evening meetings. 

he Fitzwilliam Museum, the Geological and Mineralogical Mu- 

seums, the Observatory, the Museum of Comparative Anatomy, 

and the Botanic Garden were thrown open daily during the 
meeting of the Association. 

"The first general meeting was held on the 12th ult., at 8 o'clock 
p.m. in the Guildhall; among those present were—the Earl of 
Enniskillen, Lord Wrottesley, ths Vice-Chancellor of the Univer- 
sity, Sir P. Egerton, Mr. Walpole, M.P., the Dean of Ely, Mr. 
Fairbairn, F.R.S., Mr. Tite, M.P., Mr. V. Harcourt, Mr. E. Chad- 
wick, Rev. Dr. Whewell, Dr. Leapingwell, Professors Owen, 
Huxley, Phillips, Sedgwick, &c. 

Mr. Farrparrn, F.R.S., the retiring President of the Associa- 
tion, suid—“ Ladies and gentlemen. it is my pleasing duty to in- 
troduce to you Professor Willis, the next Chairman of the 
British Association, I need not refer to the services which Pro- 
fessor Willis has rendered to science; they are well known in 
Cambridge, and in the country, and appreciated by all the 
learned societies of Europe. I congratulate you on his appoint- 
ment to the chair, and I am quite sure it will do honour to 
the British Association. Last year, at the meeting in Manchester, 
there were broughtaforward many subjects of great interest to 
science, which were most ably discussed, and I have no doubt the 
result of the meeting now taking place under the auspices of the 
learned Professors of Cambridge will be equally successful. It 
therefore gives me great pleasure to introduce to you my learned 
friend, Professor Willis, and to resign the chair to that gentle- 
man, who will now address you for the first time as President of 


the British Association. 
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Professor WiLLIS then took the chair, and delivered the inau- 

ral address. The Professor first referred briefly to the early 
Fistory of the Association, and then presented a compre- 
hensive review of the various investigations carried out by 
committees or individual members, by the help of the funds of 
the Association. He then proceeded to point out some of the 
m striking advances made in science during the past year, and 
said:— 

“In Astronomy, M. Delaunay has communicated to the Aca- 
demy of Sciences of Paris the results of his long series of calcu- 
lations in the Lunar Theory, destined to fill two volumes of the 
Memoirs of the Academy. The first volume was published in 
1861; the printing of the other is not yet begun. This theory 
gives the expressions for the'three co-ordinates of the moon under 
an analytic form, and carries those for longitude and latitude to 
terms of the seventh order inclusive, that of Plana extending 
generally only to terms of the fifth order. The addition of two 
orders has required the calculation of 1259 new terms for the 
longitude, and 1086 new terms for the latitude. It was by hav- 
ing recourse to a new procees of calculation, by which the work 
was broken up into parts, that M. Delaunay has been able to ad- 
vance the calculation of the lunar inequalities far beyond the 
limita previously reached. 

The Earl of Rosse has given to the Royal Society (in a paper 
read June 20, 1861) some further account of researches in side- 
real astronomy, carried on with a Newtonian telescope of six 
feet clear aperture. These researcbes are prefaced by an account 
of the process by which the six-feet specula were made, a de- 
scription of the mounting of the instrument, and some considera- 
tions relative to the optical power it is capable of. A selection 
from the observations of nebulm is given in detail, illustrated by 
drawings, which convey an exact idea of the bizarrerie and as- 
toning variety of form exhibited by this class of coamical 

es. 

Argelander, the eminent director of the Obeervatory at Bonn, 
is carrying on with great vigour the publication of his Atlas of 
the Stars of the Northern Heavens within 92? of Polar Distance. 
A large portion of this enormous work is completed, and two 
volumes containing the data from observation for the construc- 
tion of the charts were recently published. These volumes con- 
tain the approximate places of 216,000 stars situated between 
the parallels of 2? south declination and 41? north declination. 

Simultaneously with the construction of star-charts, among 
which those of M. Charcornac of the Paris Obeervatory deserve 
particular mention, additions have been made to the number of 
the remarkable group of small planets between the orbits of 
Mars and Jupiter, their discovery being facilitated by the use of 
charts. The last announced, which is No. 74 of the series, was 
discovered on the morning of Sept. 1 of this year, by M. Luther, 
of Bilk, near Düsseldorf, whose diligence has been rewarded by 
the discovery of & o number of others of the saine group. 

“The present year has been sigualised by the unexpected ap- 
pearance of a comet of unusual brightness, which, although ite 
tail was far from being as conspicuous as those of the comets of 
1858 and 1861, exhibited about its nucleus phenomena of a dis- 
tinct and remarkable character, the records of which may pos- 
sibly at some future time aid in the discovery of the nature of 
that mysterious action by whi¢h the gaseous portions of these 
erratic bodies are so strangely affected. 

* On an applicatiou made by the Council of the Royal Astro- 
nomical Society, Government has granted £1000 for the estab- 
lishment, during a limited period, under the superintendence of 
Captain Jacob, of an Observatory at a considerable altitude above 
the level of the sea, in the neighbourhood of Bombay. The in- 
teresting results of the ascent by Prof. Piazzi Smyth a few years 
since of the Peak of Teneriffe, for the purpoee of making astro- 
nomical and physical observations, suggested to the President 
and Council of the Society the desirableness of taking this step. 

In Chemistry the greatest advance which has been made dur- 
ing the past year is probably the formation of compounds of 
carbon and hydrogen by the direct union of those elements. 
M. Berthelot has succeeded in producing some of the simpler 
compoundsof carbon and hydrogen by theaction of carbon intensely 
heated by electricity or hydrogen gas; and from the simpler 
compounds thus formed he is able to produce, by a succesaion of 
steps, compounds more and more complex, until he bids fair to 
produ from inorganic sources all the compounds of carbon and 

ydrogen which have hitherto been only known as products of 
organio origin. Mr. Maxwell Simpson has also added to his 
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former researches a step in the same direction, producing some 
organic products by a synthetical process. But these im t 
researches will be fully laid before you in the lecture on Organic 
Chemistry, which Dr. Odling has kindly promised to this 


meeting. 

Dr. Hofmann has continued his indefatigable researches on 
Poly-ammonias, as well as on the colouring matters produced 
from coal-tar. Mr. Schlæsing proposes a mode of preparing 
chlorine by a continuous process, which may perhapa become 
important in a manufacturing point of view. In this process 
nitric acid is made to play the same kind of part that it does in 
the manufacture of sulphuric acid, the oxides of nitrogen acting 
together with oxides of manganese as carriers of oxygen from 
the atmosphere to the hydrochloric acid. 

The methods of dialysis announced last year by the Master of 
the Mint, and of spectrum analysis, are now in everybody's hands, 
and have already produced many interesting results. 

In Civil or Mechanical Engineering there is nothing very new. 

The remarkable series of experiments carried on at Shoebury- 
ness and elsewhere, have developed many moet interesting facts 
and laws in relation to the properties of iron, and its resistance 
to projectiles at high velocities, which will doubtless be fully laid 
before you at some future period; but in the present imperfect 
atate of the investigation, and in consideration of the purpose of 
that investigation, pradential reasons forbid the complete publi- 
cation of the facts. My able predecessor in this chair, who has 
taken so prominent a part in these experimenta, has given an 
account of some of the results in a communication to the Royal 
Institution, in May last, and also in the new volume for 1861; 
andis, as he informs me, en with a long series of experi- 
ments on this subject, which, with his experience and ability, 
cannot fail to develope new facta, and will in all probability 
ultimately determine the law of penetration.” 


Srcriox G.—MECHANICAL SCIENCE. 

President:—W. Fairbairn, 

Veot-Presidents:—James Nasmyth; Professor J. M. Rankine; Dr. Robinson; Joha 
Boott Russel); Professor James Thomson; Charles Vignoles, 

Seoretaries:— P. Le Neve Foster; Wm. M. Fawcett, 

Committoe:—Robert Abernethy; J. G. Appold; Theo. Aston; Admiral Sir Edward 
Belcher; Geo. Bidder; Bir John Dalrymple Hay, Bart.; Professor Downing; Edw. 
Easton; J. M. Gilbert; James Hey ; Dr. Joule; W. Lindley; J. R. H 
J. McConnell; Robert Mallet; Robert W. Mylne; J. R. Napier; James Oldham; 
William Pole; William Smith: C. W. Siemens; Thomas Webster. 

Mr. FAIRBAIRN, in opening the proceedings, said 

“ Every succeeding year presents to our notice some new feature 
of construction or some new application of science to the useful 
arts Last year we had to record several new discoveries in 
chemical as well as mechanical science, and this year is fruitful 
of machinery and the industrial developments as exhibited in the 
courte of the International Exhibition. It is not my intention 

to occupy your time with a history of these exhibitions, but I 

may be pone to notice some of the most interesting objects and 

some of the ingenious contrivances which we are called upon to 
witness, and which do honour to the in which we live. 

Before I venture on a deacription of these objects I must however 

crave your indulgence while I endeavour to notice some of the 

more important improvements which have taken place in me- 
chanical science during some of the paat years. 

It may be stated that there is no period of the past history of 
science ao fruitful in discoveries as the present century. Within 
the last fifty years we are enabled to enumerate the application 
of steam as a motive power to every description of manu 
as also to navigation, locomotion, and agriculture. At the close 
of the eighteenth century the power of steam and its now almost 
universal application was, with the exception of a few engines b 
Boulton and Watt, comparatively unknown. Now it is the ban 
maid of every description of work. This we may consider as the 
present state of steam and the steam-engine, and we have only 
to compare the small but beautiful construction of engines for 
private and domestic use, as seen in the Exhibition of this year, 
with those which propel our fleete, drain our mines, move 
with clockwork precision the innumerable machines of our manu- 
factories. To these we may add the use of steam to locomotion, 
and we realise the law of heat reciprocally convertible into me- 
chanical force, or the dynamic theory of work done, in the energy 
of nearly 1000 horses power at fifty miles an hour. 

The introduction of steam and its application to such a variety 
of p was shortly followed by that of gas, and this brilliant 
discovery we owe to the untutored mind of one of our first work- 
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ing mechanics, William Murdoch, of Soho, the assistant and 
By iet of Watt. Mr. Murdoch lighted up his own house 
and Soho about the year 1802 or 1803, and in 1804 gas was first 

plied to light Messrs. Philip and Lee's cotton mills at Man- 
chester: For some years it made little or no progress, but it was 
in 1814 employed for lighting the streets oft towns; and we are 
therefore indebted to William Murdoch and carburetted bydro- 
gen for the enjoyment of a pure and brilliant light in our streets 
and public buildings, and in almost every house and town in the 
empire. Next to gas came steam navigation, railways and loco- 
motion, and subsequently the electric telegraph. 

I shall now only advert to those departments of science in 
which the members of this section are more immediately iuter- 
ested. In taking even a cursory view of the machinery of the 
two annexes of the International Exhibition, we cannot be other- 
wise than strack with the multiplicity of the objects, the perfec- 
tion of the execution, and the accuracy of the tools, together with 
the numerous devices by which these are attained. A very 
casual glance at this Exhibition, when compared with that of 
1851, and that of Paris in 1855, shows with what intensity and 
alacrity the public mind has been at work since the people of all 
nations were first called upon to compete with each other in the 
peacefnl rivalry of mechanical art. As one of the jury, I exam- 
ined with care and attention the whole of the mechanical inven- 
tions and machines in the International Exhibition. There is 
no new discovery of importance, except that the machines are 
more compact and better executed than at any previous Exhibi- 
tion. Taking the Exhibition as a whole, there is no very great 
nor very important discovery in mechanical acience, but there is 
& great deal to be seen of a character both interesting and instruc- 
tive. In land steam-engines there is nothing particularly attrac- 
tive, if we except the growing importance of the horizontal, 
which is rapidly supplanting the beam, or vertical, engine. To 
the horizontal system may be applied economy in the first cost, 
and nearly equal efficiency in its application to mills and for 
manufacturing purposes. Another important feature in these 
engines is their smooth and noiseless motion, their compact 
form, and the facility with which they can be applied as helps, 
or assistants, to those of larger dimensions. They are, moreover, 
executed with a degree of finish and accuracy of workmanship 
which cannot easily be surpassed. In the agricultural depart- 
ment the same observations apply to this description of engine, 
where it is extensively used on a smaller scale. They are 
equally well made, and the country at large are chiefly indebted 
to our agricultural engineers for many ingenious contrivances, 
and for their successful application, not exclusively to the 
um but to many other useful purposes in the economy of rural 

e. 


From the motive power employed in our manufactories and its 
adaptation to agriculture, let us glance at the beautiful execution, 
compact form, and colossal dimensions of our marine engines; 
and we shall find in combination simplicity of form, concentra- 
tion of power, and precision of action never before equalled in 
this or any other country. Tbose who have examined the speci- 
mens of Mr. Penn and Messrs. Maudslay and Field in the Inter- 
national Exhibition must have been struck by the beauty and 
exactitude with which these eugines are manufactured. In this 
department of construction we are without rivals and it is a 
source of pride that thia country, as the first maritime nation in 
the world, should stand pre-eminently firet as the leader of naval 
propulsion. In locomotive as in marine constructions we are 
not behind, if we are not in advance of, other nations, although 
it must be admitted that several splendid specimens of engines 
from France and Germany are exhibited by some of the best 
makers of those countries. There is however this distinction 
between the continental locomotives and those of home manu- 
facture, and that is, in this country there is greater simplicity cf 
design, greater compactness of form, and clearer conceptions in 
working out the details of the parts. These operations, when 
earefally executed to standard gauges, render each part of an 
engine a facsimile of its fellow, and hence follows the perfection 
of a system where every part is a repetition of a whole series of 
parta, and in so far as accuracy is concerned it is a great improve- 
ment on the old system of construction. 

The other parte of the Exhibition are well entitled to a care- 
fal inspection. In minerals and raw materials the collections 
are mumerous and valuable to an extent never before witnessed 
in any Exhibition; and the articles, fuel and ores, will be found 
highly instructive. The machinery for pumping, winding, and 
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crushing, is npon a scale snfficiently large and comprehensive to 
engage the attention of the mechanic and miner, and it is only to 
be regretted that in every case oompetent persons are not in 
attendanoe fully prepared to explain and iuitiate the inexperi- 
enced student in the principles of the workings, and the cases of 
instrumenta so neatly classified and spread before him for instruc- 
tion. : 

In the machinery department, although there is nothing 
that strikes the observer at firat sight aa new, yet there are many 
usefn] improvements calculated to economise labour, and facilitate 
the operations of spinning and weaving; and in tool-making 
there never were, at any former period, so many hands and heads 
&t work as on the occasion pending the opening of the Exhibition. 
Ido not believe that at any former period there has been such 
an exhibition of machines, and of tools which are the creators and 
makers of the machines themselves. Some of the toola, auch as 
the turning, boring, planing, and slotting roachines, are of a very 
high order; and the tool machinery for the manufacture of tire- 
arms, shells, rockets, &c., is of such a character as to render the 
whole operations, however minute, perfectly automaton, or self- 
acting, with an accuracy of repetition that leaves the article when 
finished identical with every other article from the same machine, 
Such, in fact, is the perfection of the tool system as it now exists, 
that in almost every case we may calculate on a degree of exacti- 
tude that admits of uo deviation beyond a thousandth part of an 
inch. 

Among the many interesting mechanical objects exhibited in 
the two annexes, may be noticed as original the spool machine 
for the winding ot sewing-thread on bobbins; the machine for 
making paper , invented by a pupil of my own; the saw 
riband machine, and others of great merit as regards ingenuity 
of contrivance and adaptation of design. In manufactures, in 
design, and in constructive art, there is everything that could be 
desired in the shape of competitive skill; and, without viewing 
the success of the Great Exhibition of this year in a pecuniary 

int of view, we may safely attribute ita great success to the 
interesting and instructive character of the objecta submitted to 
public inspection. 

Irrespective of the Exhibition, with its invaluable and highly 
finished specimens, we have briefly to notice some of the improve- 
ments and changes that have taken place in the construction of 
ordnance, and the art of defence, and to chronicle some of the 
most important results which have placed the whole of our naval 
and military armaments in a state of transition. It is now well 
understood that his Majesty the Emperor of the French was the 
first to apply iron plates as a defence to the sides of e. and 
that ships of war protected with a given thickness of plate, 
4% inches, were invulnerable to shot or shell. For a considerable 
length of time this opinion was prevalent, and was acted upon 
both in this country, France, and America. The experiments 
instituted by the Admiralty and War Office have to a great 
extent dispelled these notions, and it has been proved that a 
smooth-bored Armstrong gun with a 150 lb. spherical shot can 
pere a 4)-inch thick plate and 18 inches of teak. In fact, it 

as been proved by experiment that no vessel yet constructed is 
able to carry armour-plates of sufficient thickness to resist such 
powerful ordnance as has been brought against them. Every 
etfort has been made on the part of the Government to determine 
experimentally tbe properties of iron best calculated to resist 
8hot, and the Erstens possible care has been observed, both in 
& chemical and mechanical point of view, to secure the very best 
description of iron for that purpose. I have myself been engaged, 
with my friend Mr. Scott Russell, in this investigation, and I 
think we have attained to a knowl: of the description of iron 
best adapted to offer the most, powerful resistance to shot fired at 
high velocities. All these facts have been ascertained, as also 
the penetrating S abii ot different descriptions of ordnance as 
compared with the thickness of the plates to be pierced. In this 
ition the balance of force to the resistance of the plate was in 
vour of the gun, but with this qualification, that the gun had 
to sustain ap explosive force of powder equivalent to one-third 
the weight of the shot, a charge which the gun was unable to 
bear. Under ordinary circumstances, with the usual charge of 
raph ars weight of the shot, it might reasonably be inferred 
that the balance was on the side of the plate, and that guns of 
such heavy calibre were insufficient in strength to sustain these 
tremendous charges of powder. Again, it must be borne in mind 
that these resulta were only produced at certain distances, and 
under certain conditions of heavy charges of powder aud a short 
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range of 200 yards. The inquiry was thus hanging on the 
balance, when it was determined to ascertain the effect of the 
large Horsfall gun of 22 tons weight, with a charge of 75 lb. of 

wder and a 300 lb, shot, against a target representing the 

arrior, with her 18 inches of teak and 4} inches of iron. The 
result of this experiment was the penetration of the mass with a 
huge opening in the side of the target upwards of 2 feet in 
diameter. This experiment is probably not calculated to apply 
to ships of war carrying ordnance of snch. immense weight, but it 
is greatly in favour of forts where an enemy’s vessel may be 
struck at a distance of 1000 yards. Passing from the Horsfall 
gun, we now come to the last and most important experimenta 
with the Whitworth gun. The first was a 12-pounder field gun, 
and the second a 70-pounder naval gun; both of the guns were 
rifled. These experiments are very instructive, and I probably 
could not do better than quote from the T'imes of September 18, 
a statement of the effect produced by those guns, Having been 
present at the experiments, I can state that the account given by 
the correspondent of the 7¥mes was strictly correct in regard to 
the result of the experimenta:— 


‘It will perhaps be remembered that a decided difference was esta- 
blished very early in the controversy between the penetrating powers of 
solid shot and those of shell. Solid shot at one time failed, and at 
another time succeede l against armour plates, according to the modified 
conditions of the experiment; but shells failed, absolutely and invariably. 
No shell could ever be driven through even & moderately thick plate of 
iron, and it was concluded therefore that this, the most dangerous and 
dreaded species of missile, could undoubtedly be kept out of a ship by a 
thin casing of armour. Accordingly, as a reduction of a ship's armour 
to the least possible weight was of great consequence, ially in small 
vessels, gunboats and other craft of the like desoription. ava built 
in some countries with 24-inch or 2-inch armour plates and considered 
effectually shell-proof. On Tuesday however Mr. Whitworth entered 
the field with two of his pieces, for the service of which he had specially 
prepared some flat-fronted hardened shells. The 12-pounders at 200 
yarda presently sent these shells through a 2-inch plate, backed by a foot 
of timber, from which simple piece of evidence the conclusion is inevitable 
that vessels protected to that extent only are shell-proof no longer. But 
in the trial of the 70-pounder an additional result was obtained. It has 
bren suggested that if, instead of employing a given thickness of iron in 
one solid piece, the armour of a ship were divided into two plates, each 
of half that thickness, and these plates were separated by a certain space 
from each other, the resisting power of the structure might be much 
increased. The theory was that the first plate, though it would doubtless 
be pierced, would so deaden the force of the shot that the second plate 
would repel it; and indeed, as regards solid shot, the question remains 
still undecided. With respect to shell, however—or rather, Mr. Whit- 
worth's shells—we are not left in doubt, even on this point. The 70- 
pounder was trained against a target constructed on this principle of a 
double side. A strong oak frame armed with 4-inch plates was attached 
to a second plated to the depth of 2 inches, a space of 2 or 3 feet being 
left between them. The shell from this gun, fired with 12 lb. of powder 
only, pierced the outer side of the target completely, oak and iron 
together, after which it burst inside the frame and shattered it to 
pieces.’ 

From this statement we learn that 4 inches of solid iron and 
9 inches of wood is no protection against shells discharged from a 
moderately sized gun, and that no gunboat such as those on the 
American waters could prevent the entrance of these dreaded and 
destructive missiles. In point of fact, Mr. Whitworth, with a 
rifled gun lighter than the 68-pounder, could destroy them by 
his steel hardened shells at a distance of 1500 to 2000 yards. 
Since the above was written another experiment has been tried 
with a still larger gun, rifled on Mr. Whitworth’s hexagonal 
principle This gun was of large calibre, 120-pounder. At a 
distance of 600 yards, the resulta seem to prove that the sides of 
a vessel like the Warrior are no longer shell-proof. In those 
experiments 130 lb. solid shot, with a charge of 23 lb. of powder, 
weut right through the 4)-inch armour alate, and lodged in the 
teak backing behind. A shell of the same weight, and a charge 
of 25 lb. of powder, also penetrated the armour plate and explod 
tearing the wood backing, and lodged in the opposite side. From 
these more recent experiments we may infer that the victory is 
on the side of the gun, and that it may be difficult under such 
fearful odds to construct ships of sufficient power to prevent 
their destruction by the entrance of shells. Other experiments 
are however in progress, and means may yet be adopted to solve 
the question of armour ships versus shot or shell. 
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On Unsinkable Ships. By CHARLES ATHERTON, 
Late Chief Engineer in Woolwich Dockyard. 

Competitive rivalry in the arts of naval construction and 
ordnance destruction, as applied to maritime warfare, having now, 
as appears by recent demonstrations at Shoeburyness, reached a 
condition of experimental speculation prospectively of an un- 
limited character; and as the consideration of this subject 
essentially embraces the question of the capability of an inval- 
nerably armoured ship to carry armament with reference to tbe 
size of the ship itself, it is presumed that a paper thus involving 
the details of naval architectural construction may be appro- 
priately brought forward and discussed in the Mechanical Section 
of the British Association for the Advancement of Science. 

The object of this communication is not to discuss the question 
—Wlhether, by an unlimited expenditure, ships can be made 
invulnerable to the Assaults of all present and future ordnance, 
nor is it intended to damp the ardour with which must be 
upheld by the moral effect of preparation for any adverse eventu- 
ality by our practically adopting for the time being, in common 
with other nations, the recognised principle of “ invulnerability.” 
My object on the present occasion is simply to bring forward the 

uestion, whether the principle of “ Unsinkability, as based on 
the average specific gravity of the materials of which a ship may 
be constructed and loaded being less than the specific gravity of 
water, and as distinguished from “ Invulnerability" as dependent 
on armour plating, may not be advantageously introduced as 
supplementary to our present system of naval construction. 

This subject has for some years engaged my attention, and in 
anticipation not only of the now-realised efficacy of direct fire, 
but also in anticipation of a totally new era of mortar practice 
not yet entered upon, whereby the decks of vessels may undoubt- 
edly be assailed by the descent upon them of a huge weight (say 
10 tons) projected to a great height (say 300 feet) at short a 
(say 100 yards), thereby attaining precision of descent, and fall- 
ing almost vertically on the deck and passing out through the 
bottom of an adjacent ship. Anticipating such resulta, I have 
already by various publications, and officially in my late capacity 
as Chief Engineer of Woolwich Dockyard, directed attention to 
the principle of “ Unsinkable Ships,” as a means of obviating the 
fatal effecta at sea of such devices, and I now beg reference to the 
following letter which appeared in The Times, of 12th January, 
1859, explaining generally, though incompletely, tbe views which 
I entertain:— 

To TRE EDITOR or THE “Times,” 

Srg,—Many suggestions have of late been brought before the public 
on the construction of gun-boats, mortar-boate, and floating-batteriet, 
with a view to make them invulnerable; and I now beg to add my views 
on that subject. Why not make the floating body for such special ser- 
vices, up to the line of its load displacement, a solid mass of material of 
such specific gravity lighter than water that it shall not sink, however 
much it may be perforated by shot! It appears to me that a solid com- 
bination might be made of cork shavings, light wood sawdust, rush stems, 
cotton waste, flock, hemp, and other light material, which by the aid of 
a solution of gutta-percha, or other chemical would form a solid 
fying mass, go tough that it could not be knocked to pieces by shot, and 
so light that it would be only one-half the specific gravity of water, aod 
therefore unsinkable, however perforated by shot, and capable of carrying 
armament and naval equipment to the extent of nearly one-half the weight 
of its own displacement in tons. Such vessels of light draught accom- 

anying fleets of war as tenders to line-of-battle shipe, whence they might 
be manned and stored as occasion might require, would, I submit, form 
a useful RAD available for shore service, or for attacking land 
batteries, which deep draught ships of the line cannot approach, sad 
would be sunk if they could. 

I may observe that this idea was first broached by me two years ane 
as being applicable to the construction of vessels for ing treasure. 
They might be wrecked ashore, but tbe giras wong be recoverable, 

C. 
" CRIMEN ATHERTOX. 

In respect to the practical carrying out of the general principle 
of " unsinkability, announced in the foregoing letter, I beg 
further to explain that I do not anticipate depriving war of the 
glory and honour which can only be purchased by blood. Witb- 
out the sacrifice of blood in war the naval and military calling 
would be ignominious, and the national spirit would become 
degenerate. No, let ordnance do its best. I would however seek, 
in the construction of “ unainkable ships,” that the life of a man 
may not be sacrificed by an ounce of lead, and that the whole 
crew of a ship may not be simultaneously drowned through the 
effective application of a single shot, or the descent of a sing 
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thunderbolt down through the deck and bottom of the ship, or 
by the lateral concussion of a hostile ram. With these views I 
ways anticipated that the principle of “ unsinkability” would, if 
adopted, be carried out, not exclusively by making the ship solid 
up to her load-line, but on various plans of arranging and dispo- 
sing of the buoyant material according to the special requirements 
f the service contemplated, for example, a treasure ship or ship 
built for being laden with specially valuable goods may, if so 
preferred, be a mass of buoyant material up to its load-line. But 
a steam-ship may be constructed with its engine-room below the 
level of the load line, into this the water may poesibly get access, 
but the ship when thus water-logged would be saved from going 
to the bottom by a sufficiency of buoyaut material being con- 
atructively disposéd of in various parts of the shipi such for in- 
stance as the huli and decks above the load water-line being com- 
posed of as great a mass of material as is equivalent to the entire 
capacity of hold in space left vacant below the load water-line. 
Of course the efficacy of this system would be entirely depen- 
dent on the degree in which the specific gravity of the buoyant 
material may be less than the specific gravity of water. Various 
communications have already been made to me announcing the 
discovery of natural substances and artificial compounds not 
exceeding half the specific gravity of water, and apparently 
suitable for bein n asa buoyant material in the construction 
of unsinkable ships on the principles thus set forth. The 
practical prosecution of the subject is so obvious, and the details 
of arrangements manifestly so adequate to the special objects for 
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which a ship may be intended, that I need not, on the present 
occasion, encumber this promulgation of my views by entering 
into details. I would merely further observe that the mass of 
buoyant material may be so selected and disposed of that it may 
contribute greatly to the strength of the ship. Of course in the 
practical adoption of this principle, as compared with the ordinary 
construction of ships, there must be a sacrifice of capability, but 


: when it is considered that the great mass of buoyant material 


may be distributed below the water-line, and thus conduce to the 
stability of the ship, instead of being above the water-line and 
thus impaidng the stability of the ship, as is necessarily the 
case with the armour plating of invulnerable ships; and moreover 
when it is considered that the principle of unsinkability is 
applicable to vessels of small size, whilst invulnerability by iron 
armour plating can only be carried out with vessels of enormous 
magnitude, it may be confidently anticipated that the principle of 
unsinkability by the agency of buoyant materials, as distinguished 
from the principle of invulnerability by the agency of armour 
plating, is worthy of attention for mercantile purposes, especially 
in time of war, and as a supplementary adjunct for co-operating 
with ships of war in shoal waters, where armoured ships, by 
reason of their necessarily great draft, cannot operate. In pro- 
secuting the operations of war, ordinary ships, defended by 
unsinkable ships or otherwise kept out of harm's way, would be 
available as barracks, hospitals, and store ships for their accom- 
panying fleet of unsinkable ships, of which the stowage for stores 
may be deficient. h 


On an Improved form of “Link Motion By James NasurrH. 


Nasmyth's * Solid-Bar” Link Motion, 

Ix many important applications of the steam engine it is essen- 
tial that we should possess the means of reversing, at pleasure, 
the direction of the revolution of the crank shaft, Prominent 
instances of the desirableness of this capability are presented iu the 
case of the locomotive engine, and in the marine engine, as also 
in the case of the “ winding engine," as employed in colliery and 


other mining purposes, f 
Many contrivances bave been resorted to for the attainment of 
this object; all of which, however, has been characterised by 
considerable complexity, and consequent liability to derangement, 
unfaithfulness of action, and rapid wear and tear. 
- It was not until the invention of the justly celebrated “ Link 
Motion," that the problem of *how to reverse the motion of a 
steam engine” received its perfect solution, at the hands of a me- 
chanic in the service of Messrs. Robert Stephenson, of Newcastle- 
upon-Tyne, who, by the invention of the link motion, added 
ove of the most beautiful and perfect details to the steam engine, 
and has thereby conferred a vast benefit on mankind. Not only 
does the link motion solve the problem of “how to reverse 
the action of a steam engine,” but also we obtain by its means a 
very. perfect and simple, variable, expansive valve motion, com- 
bined with the means of arresting in the moat gentle and effec- 
tive manner, the motion of the engine. In all these respects the 
link motion combines, in one beautifully simple whole, the pro- 
perties of reversing gear, expansive valve motion, and throttle 
valve. So perfect in all these respecta is the action of the 


link motion, that the form first given to it by its inventor has been 
almost universally adopted, and become traditionary, in so far, 
at all events, as regards the loop or link form of its main and 
distinguishing feature is concerned. 

In the application of this beautiful invention to marine engines, 
ofthe larger class especially, some disadvantages, latent in the 
loop or link form, in to manifest themselves; the chief of 
which is the constructive difficulty of taking up the slack, natur- 
ally due to the wear and tear of the swivel biok working inside 
the loop of the link, and the consequent unpleasant knocking 
action and wear which naturally accompanies any such undue 
slackness in the moving parts; besides which, in order to give 
the requisite amount of rigidity to the large size of links em- 
ployed in marine engines of the larger class, an amount of 
material has to be introduced into them that is, in every respect, 
desirable to avoid. 

It was with the view to remove these objections, as well as to 


950 


simplify and economise the cost of construction of such link mo- 
tions, that the writer contrived, in 1852, what he terms his 
“Solid Bar" form of the link motion, and which he, in the same 
year, introduced into actual practice in a colliery winding engine, 
which he made for a tirm in South Yorkshire. The perfect action 
in practice which was found to attend this simple solid bar 
form of the link motion, led his friend, Mr. Edward Humphrys, 
to introduce this solid bar link motion into his marine engines; 
in doing which, Mr. Humphrys has displayed his usual high 
skill and judgment in the admirable manner in which he has 
adapted the writers invention; as may be seen in those magni- 
fioent marine engines of 400 horse power which Messrs. Hum- 
phrys and Tennant have sent to the International Exhibition. 

As it is presumed that this subject can only interest those who 
are practically conversant with the details of steam engines, it 
will not be requisite to enter into any minate or detailed descrip- 
tion of the “pink Motion” as such, but simply to point out the 
nature of the modification of form which specially characterises 
the inventor's arrangement of it. The main feature of which 
consists in the substitution of a solid bar (marked A in the aceom- 
panying figure) in place of the usual link or loop form of the part 
in uen 

his solid bar A is coupled with the sliding block C, C, to which 
the valve rod is attached, by means of two cylindrical segmental 
rocking blocks B, B, between which the bar A slides when one 
or other of the eccentrics is caused to convey its chief action to 
the valve. The substitution of the solid bar A for the open link 
or loop hitherto employed, gives us a more rigid and exact agent 
for conveying the action of the eccentrics to the valve than is the 
case with the link ; while it enables ys, by means of the setting- 
up rod D, and the set-acrew E, to take up all “slack " that may 
from time to time arise from wear, and so secure a most perfect, 
yet - fit, to the bar A, in its action between the rocking seg- 
menta B, B. 

The two cylindrical rocking segmental pieces B, B, work inside 
a corresponding receas in the projecting front part of the slide 
block C, C, which aliding block having a dove-tail slide back, 
and corresponding slide recess F, F, secures the most perfect 
steadiness of action to the valve whose rod is attached to the 
block C, C. A cover plate, held on by four small bolts, the holes 
for wbich are indicated on the slide block C, C, keeps all in per- 
fect relative position, and, at the same time, renders all quite 
accessible when need be. The lever I, and connecting bar H, 
are part of the apparatus or gear for bringing the one or other 
eccentric into chief action on the valve, the solid bar A aliding 
freely for that purpose between the rocking blocks B, B. 

The general simplicity and comparative ease of construction, 
and “ get-at-ability" of this Solid Bar arrangement of the Link 
Motion, has yielded the highest satisfaction in every case in which 
it has been applied ; and as it appears to be likely to come into 

eneral use, it is so far right that the history of its invention be 
Paowa by the preceding remarks. 


On Machinery for Composing and Distributing Type. 
By CHARLES HART. 
Tux “composition” of type consists in arranging the different 
characters in words with proper “ spaces,” between them, and 
in in arranging the ordi 80 formed in lines of any required 
length. The later part of the process is tecknically called 
“ justifying.” After the type has been used in the prese, it 
mes necessary that each character, or “sort,” should be 
restored to its proper position in the “case,” and when under- 
going this process the types are said to be “distributed.” 

This branch of industry is one of the very few in which the 
ingenuity of man has hitherto failed to effect any economy, unless 
attempts which have been very recently made to accomplish that 
desirable end shall prove successful At this day, as in the 
days of Guttenberg and Caxton, the composition is effected b 

icking the types with the fingers out of the casa, and the distri- 
Dution is accomplisbed by reversing that primitive operation. 
But human ingenuity, if hitherto unsuccesaful has not been 
entirely idle in this matter. The International Exhibition con- 
tains no less than three machines, or rather sets of machines, 
for composing and distributing. They are known as the machines 
of Young, of Delcambre, and of Mitchel The last-named 
machines have not only been rewarded with a medal at the 
In ernational Exhibition, but have been adopted by several 
printers in England, Scotland, and America. ey may, there- 
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fore, be considered to have established some claim to the notice 
of those who are specially interested in the diffusion of know! 

The composing machine is in shape a right-angled trian 
placed horizontally. There is a key-board at one of the si 
and parallel with and close to this key-board there is s small 
iron shaft, set in motion by steam power, causing a number of 

rallel bands of tape to move uniformly away from the key- 
board, and in a direction perpendicular to it. The sevenl 
characters or sorts are placed in brass slides, which are ranged 
in a line commeucing at the right of the operator (who faces the 
key-board), and running across the triangle until it almost bisects 
the otherside. In addition to the parallel bands above-mentioned, 
which all move with uniform velocity, there is another band, 
called the “main band,” running along the hypothenuse of the 
triangle, which is greater in length than any of the others, and 
Also moves with greater velocity. Under each of these slides ope 
of the parallel bands is constantly kept moving, ready to convey 
its proper type to the main band; and, on its arrival there, tbe 
type falle into its proper place in the word. The duty of the 
main band is to carry the words thus formed on to a wheel, which 
places the type standing upright, and pushes forward the line as 
fast ss it is formed. 

One of the principal diffieulties which inventors have to eon- 
tend against in dealing with this subject, was to find some means 
by which the types could be made to arrive at their destination 
in the exact order in which they are struck out by the keys 
Mr. Mitchel has achieved this result by causing the several types 
to move with a speed proportioned to the distance over which 
they have to travel. To understand this, it would be n 
to confine our attention to the triangle formed by the line of the 
slides in which the types rest, the lowest and longest of the 
peal bands, and the main band. The side of this trian 
formed by the main band, is about 2% times as long as the aide 
formed by the parallel bands. The main band moves at a speed 
2% times as great as the parallel bands. It follows necessarily 
that if two types are struck out at the same moment from the 
opposite ends of the line of slides, both must arrive together at 
the point of junction of the two bands, one being carried over a 
space 2} times as great as the other, and at a speed 2} times as 
great. By tbis very simple contrivance the types are made to 
arrive infallibly in the order in which they are struck out, how- 
ever rapid may be the touch of the operator. The machine has 
accomplished its duty when the have been received from 
the main band by the “setting wheel,” which turns each letter 
into a vertical position, and at the same time pushes forward 
the line. The long line thus formed is transferred to a justifying 
stand, and when this is filled, the operator proceeds to justify, 
leaving another workman to take bis turn at the keys. One com- 
posing machine, thus worked by two operators, is capable of 
setting up 50,000 “ens” of corrected matter per day, being 
about tbe ordinary work of four men. 

The distributing machine exhibits even greater ingenuity than 
its companion. hen one considers the great variety of sorta to 
be dealt with, amounting to about one hundred and twenty ip all, 
and, further, their great diversity in thickness, it is difficult te 
conceive that, by a merely mechanical p each type can be 
separated from the line in which it is placed, and carried toa 
receptacle in which it finds no type save one of its own kind. 

I have indicated two difficulties, one arising from the diversity 
of thickness in the types, the other from the variety of sorts. 
The first is encountered in the separation of each type from the 
line, the second in conveying each type to its appropriate nd 
tacle Asan example of the first, let us voppese the word “ mill” 

resents itself to the vibrating piece of steel which separates the 
etters. The first letter, m, equals in thickness the three follow- 
ing letters, i/], taken together. It becomes necessary in this cast 
to prevent the machine from mistaking those three letters for 
one, and so cutting them off all at one stroke, This is effected by 
means of a nick inserted in the side or edge of the thick type, 
into which a small bevelled stopper fits, allo i ke ype to 
advance further than it could without such nick. e foliowing 
letter, i, having no such nick, is not permitted to advance so far, 
and so is cut singly, the letter /, which comes next, not being 
allowed to come within the range of the vibrating cutter, and æ 
on. In this way, at the first stage of the process, the machine is 
able to discriminate between the thick and the thin sorta, taking 
from the line ene type at a time and no more. 

The nick above mentioned is confined to the thicker sorte df 
type, and may be called the “ separating nick,” to distinguish ìt 
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from those other nicks which are made in the types for the pur- 
pose of determining the receptacles to which they are to be 
severally conveyed. For this latter purpose each type is fur- 
nished with one or two nicks, according to the class to which it 
belongs. There are four classes; the first having only one nick, 
the other three classes two nicks. When the type has been 
separated from the line in the manner above described, it falls 
upon a hrass grooved wheel, whose periphery slopes like the side 
ofacone. The type, dropping into one of the grooves, becomes 
suspended by means of its nick on a pin placed at the bottom of 
the groove, the ends of the type projecting below the under sur- 
face of the wheel at distances varying according to the position 
of the nick. At corresponding distances under the wheel there 
are amall stationary pieces of steel which meet the projecting end 
of the type as it is carried down, raise it otf the pin, and allow it 
to drop into its proper receptacle. A number of small pushers, 
worked by an eccentrie within the wheel, push forward the type 
as they fall, and the several characters are thus placed in lines, 
each “sort” or character by itself, ready to be transferred to the 
slides of the composing machine. 

The keys of the composing machine deal only with about forty 
“ sorta,” and so far it would seem to be imperfect. Butin answer 
to this objection it is alleged that the sorts not worked by the 
keys are comparatively so rarely used that iu an average page of 
prin matter they will not amount to five per cent. of the entire. 

hose sorts, namely, capital letters, italics, and numbers, are 
picked up by the operator from a case lying before him on the 
machine, and dropped into a slide, by which they are conveyed 
on to one of the belts, and are so carried on and set up by the 
machine in their proper place and order. 

In addition to the saving of labonr effected by these machiner, 
it is alleged that the wear of type is diminished by their use, that 
a complete mastery of the machine can be acquired by a smart 
boy or girl in the course of a few months; and finally, that it sub- 
stitutes an occupation, light, diversified, and easily acquired, for 
one Which is peculiarly Mboruda and unhealthy, and to the acqui- 
sition of which a period of five or seven years is usually devoted. 


Abstract of an Investigation on the Exact Form and Motion of 
Waves at and near the Surface of Deep Water. By WiLLIAM 
Joun MacquonN Ranking, C.E., LL.D., F.R.SS.L. & E., &c. 


Tue following is a summary of the nature and results of a 
mathematical investigation, the details of which have been com- 
municated to the Royal Society. 

The iuvestigations of the Astronomer Royal and of Mr. Stokes 
on the question of straight-crested parallel waves in a liquid, are 
based on the supposition that the displacements of the particles 
are small compared with the length of a wave. Hence it has 
been very generally inferred that the results of those investiga- 
tions, when applied to waves in which the displacements are 
considerable as compared with the length of wave, are only 
p ju. In the present paper, the author proves that one 
of those results—viz., that in very deep water the particles move 
with an uniform angular velocity in vertical circles, whose radii 
diminish in geometrical progression with increased depth, and 
consequently that surfaces of equal pressure, including the upper 
surface, are trochoidal,—is exact for all possible displacements, 
how great soever. 

The trochoidal form of waves was first explicitly described by 
Mr. Scott Russell, but no demonstration of its exactly fulfilling 
the cinematical and dynamical conditions of the queation has yet 
been published, so far as the author knows. 

In ‘A Manual of Applied Mechanics’ (first published in 1858), 
the author stated, that the theory of rolling waves might be 
deduced from that of the positions assumed by the surface of & 
mass of water revolving in a vertical plane about a horizontal 
axis; but as the theory of such waves was foreign to the subject 
of the book, he deferred until now the publication of the investi- 
gation on which that statement was founded. Having communi- 
cated some of the leading principles of that investigation to 
Mr. William Froude, in April 1862, the author was informed by 
that gentleman that he had arrived independently at similar 
resulta by a similar process, although he had not published 
them. The introduction of Prop. IL. between Props. I. and III. 
is due to a suggestion by Mr. Froude. 

The following is a summary of the leading results demonstrated 
in the peper:— 

Proposition L-—Ina mass of gravitating liquid, whose particles 
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revolve uniformly in vertical circles, a wavy surface of trochoidal 
profile fulfils the conditions of uniformity of pressure; such 
trochoidal profile being generated by rolling on the under aide 
of a horizontal straight line a circle whose radius is equal to the 
height of a conical pendulum that revolves in the same period 
with the particle of liquid. 

PnorosrrioN IL—Let another surface of uniform pressure be 
conceived to exist indefinitely near to the first surface; then if 
the first surface is a surface o poe (that is, a surface always 
traversing identical particles) so also is the second surface. (Those 
surfaces contain between them a continuous layer of liquid.) 

* Corollary.—The surfaces of uniform pressure are identical with 
surfaces of continuity throughout the whole masa of liquid. 

Pnorosrriox III.— The profile of the lower surface of the layer 
referred to in Prop. II. is a trochoid generated by a rolling 
circle of the same radius with that which, generates the upper 
surface, and the tracing-arm of the second trochoid is shorter 
than that of the first trochoid by a quantity bearing the same 
pror to the depth of the centre of the second rolling circle 

low the centre of the first rolling circle, which the tracing-arm 
of the first rolling circle bears to the radius of that circle. 

Corollaries.—The profiles of the surfaces of uniform pressure 
and of continuity form an indefinite series of trochoids, described 
by equal rolling circles, rolling with equal speed below an inde- 
finite series of horizontal straight lines, The tracing-arms of those 
circles (each of which arms is the radius of the circular orbits of 
the particles contained in the trochoidal surface which it traces) 
diminish in geometrical progression with an uniform increase of 
the vertical eod at which the centre of the rolling circle is 
situated. 

The preceding propositions agree with the existing theory, 
except that they are more comprehensive, being applicable to 
o as well as to small displacements. 

he followin proposition is new:— 

Prorosimion I .—The centres of the orbits of the particles in a 
given surface of equal pressure stand at a higher level than the 
same particles do when the liquid is still, by a height which is a 
third proportional to the diameter of the rolling circle and the 
length of the tracing-arm (or radius of the orbits of the particles), 
and which is equal to the height due to the velocity of revolution 
of the particles. 

Corollaries.—The mechanical energy of a wave is half actual 
and half potential: half being due to motion, and half to elevation. 
The crests of the waves rise higher above the level of still 
water than their hollows fall below it; and the difference between 
the elevation of the crest and the depression of the hollow is 
double of the quantity mentioned in Prop. IV. The hydrostatic 
pressure at each individual particle during the wave-motion is 
the same as if the liquid were still. 

FRICTION BETWEEN A WAVE AND A Wave-SHAPED SoLrp.—In 
an appexdix to the paper is given the investigation of the 
problem, to find approximately the amount of the pressure re- 
quired to overcome the friction between a trochoidal wave-surface 
and a wave-sha’ solid in contact with it. The application of 
the result of this investigation to the resistance of ships was 
explained in a paper read to the British Association in 1861, and 

ublished in various engineering journals in October of that year. 
he following is the most convenient of the formules arrived at. 
Let w be the heaviness of the liquid; f, the coefficient of friction; 
, gravity; v, the velocity of advance of the solid; L its length, 
ing that of a wave; g, the breadth of the surface of contact of 
the solid and liquid; B, the greatest angle of obliquity of that 
surface to the direction of advance of the solid; P, the force re- 
quired to overcome the friction: then 


=/F Lah + aint + sin's) 


In ordinary cases, the value of f for water sliding over painted 
iron is 0036. The quantity Lz(1-+4sin’8+sin‘s) is what has 
been called the “augmented surface.” In practice sin'B8 may in 
general be neglected, as being so amall as to be unimportant. 


On a New Marine Boiler. By Dr. FiLiPro GRIMALDI. 
Tut object of the present paper is to draw the attention of the 
Section to a new kind of steam boiler, invented and patented by 
the author, adapted both for stationary and marine purposes, but 
more particularly to point out its advantages in the latter case, 
and especially when employed for generating high pressure steam, 
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or in iron-plated ships of war, where saving of weight and space 
are of the utmost importance. 

The peculiarity of the arrangement referred to is that of 
making the boiler continually rotate on its axis over the 
furnace while at work, This involves necessarily a complete 
change in the shape of the boiler, as also in the mode of feeding it, 
and in the arrangements for the exit of the steam. 

The advantages of the arraugement as regards rapid generation 
of steam result from the fact that water, being an indifferent con- 
ductor of heat, this is disseminated almost entirely by a mechani- 
cal mixture of ita particles, this mixture being very materiall 
increased by the constant dipping and rising of the tubes, which 
are dispersed throughout the boiler. Again, it is well known that 
where steam is generated in contact with a heating surface, if 
that surface be stationary, there is considerable difficulty in the 
steam freeing itself from such surface, this difficulty being appa- 
rently entirely removed by slowly moving the surface so as to 
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centre to the circumference between the tubes, the steam entering 
at the highest point of the boiler or nearly so, and thua taking no 
water with it; the upper tubes or those passing through the steam 
space most effectually superheating the steam and preventing 
priming. The safety valves of these boilers are fitted ta the 
stationary steam pipe, and the steam and water gauges are con- 
veniently arranged in the manner shown. The boiler is kept 
rotating at the rate of 1} to 14 revolution per minute, by means 
of a suitable connection with the screw shaft or by a separate 
engine, which may also serve as a donkey for feeding the boilers 


and other pürpows, 
The whole boiler is inclosed in a brick-lined casing, or in a 


double iron casing filled with water, a few inches larger than the 
boiler, so as to give a fue space all round it. Every part of the 
shell of the boiler in its turn passes over the furnace, which is 
placed beneath it, the entire boiler being thus rendered available 
as heating surface. This, it should be explained, is one of the 
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Dr. Grimaldi's Steam Boller.—Longitudinal section, 


bring it successively under new portions of water; the surface 
being as it were swept of the globules of steam which have accu- 
mulated upon it. In the rotating boiler this continual succession 
of the surfaces applies both to the shell of the boiler and to the 
tubes, their rotation being very slow, while the water is prac- 
tically stationary. 

The rotating boiler necessarily assumes the cylindrical shape, 
no other form being so suitable. It is thus specially adapted for 
the generation of high-pressure steam, and is consequently well 
worthy the attention of those who have for sume years past been 
aiming at the construction of high-pressure marine boilers, their 
efforta however appearing to have failed chiefly from such boilers 
being made to assume a rectangular shape; the ordinary amount 
of heating surface, if attempted to be obtained in a common cylin- 
drical tubular boiler, involving considerable space, which can be 
ill atforded in steam-vessela. 

Withont attempting to fix what precise extent of revolving 
heating surface will in practice be found equivalent to that ordi- 
narily allowed in marine boilers, it may here be stated that from 
the experience already had, about one-fifth the surface appears 
sufficient ; 9 square feet of horizontal surface, or 15 square feet of 
total surface, being usually calculated as sufficient for evaporating 
a cubic foot of water per hour, and 3 square feet having done this 
with the boiler revolving. Of course this amount of surface in 
both cases supposes the surfaces clean; from 20 to 30 feet being 
a m given to each horse-power in marine boilers as generally 

e. The rotating boiler (shown in the diagrams) is cylindrical 
with flat ends, and nearly filled with 3 inch tubes; trunnions are 
constructed at each end, through one of which the feed pipe passes 
and through the other the steam pipe, which radiates from the 


` partly be due to the scum floatin, 


reasons why so small a boiler as the one experimented upon was 
found capable of generating so large a quantity of steam; for, 
taking the efficiency of moving surface as only equal to double 
that of statio: surface, the entireshell of the boiler—top, bottom, 
sides and ende, becomes heating surface, and that of the beat kind, 
being horizontal,and brought immediately over the furnace, which 
is usually made to extend under the entire bottom of the boiler. 

In this arrangement the plates of the boiler can never become 
overheated, as however small the quantity of water in the boiler, 
the bottom is certain to be first covered, thus rendering explosion 
from this cause almost impossible. 

It appears that the rotation of the shell and tnbes of a boiler, 
greatly retards, if it does not entirely prevent, ordinary incrusta- 
tion. Thesmall experimental boiler now in the Exhibition, after 
being at work with very indifferent water for fourteen months, 
was examined at about six months’ intervals, and found to be 
covered with a light dust on the inside, but to have no appearance 
of incrustation; alios h alight traces of this were found at those 
parts of the boiler which did not move, such aa at the feed pipe 
which is stationary inside the boiler. The singular manner in 
which many marine boilers have been affected apparently by the 
action of acid formed in the greasy patches found on the sides of 
the boilers and on the tubes, where surface condensers are em- 
ployed, has not yet been satisfactorily accounted for, but may 
on the water always being in 
contact with the same part of the boiler. It is more than pro- 
bable that in the rotating boiler this evil will be entirely reme- 
died, the whole surface of the shell being brought in contact with 


the scum, but for a very short time only as regards any one part. 


of it, Experience is however wanting on this point, 
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As regards the employment of this class of boiler for ships of 
war,and especially for iron-plated onea, it anergy two important 
advantages ; first its being a very low boiler, the largest size not 
exceeding 10 feet in height; and secondly, its weight with water 
and casing complete not amounting to one-half of ordinary marine 
boilers, even allowing the same heating surface, which, as has 
been atated, will probably be found to be three or even four times 
more than necessary. Its size is also very greatly diminished, as 
will be seen from the following particulars:—An ordinary marine 
boiler having about 1400 feet of effective heating surface occupies 
a space 10 ft. 6 in. by 11 ft. 6 in., and is 16 ft. 6 in. high, weighing 
with water 3lk tons. This gives about 51 lb. per square foot of 
heating surface, and the floor space ocupied nearly equal to y of 
& square foot also per square foot of heating surface. On the 


other hand a revolving boiler having upwards of 1600 feet of heat- 
FIG. 2. 


Vertical section of Boiler through line A A. 


ing surface occupies a space of 9 ft. 6 in. by 7 ft. 4 in., and is 9 ft. 
7 in. high, occupying thus only J, of a square foot per square 
foot of heating surface, weighing with water 13 tons, equal to 
18 lb. per square foot of heating surface. 

Thus, assuming for the moment that a square foot of heating 
surface is equally efficient both in the ordinary marine and the 
retating boiler, it will be seen that the rotating one is less in 
every way, viz.— 

In weight, about one-third, 
In bulk, about one-fourth, 

In height, about one-half, 

In floor-space, about one-half. 


With the revolving surface only doubly as effective as sta- 
tionary surface, these M ACE would be just doubled ; and if 
experience in future justifies the conclusions already arrived at, 
one-third of the whole amount would be the relative weight and 
spaces occupied respectively by a rotating boiler of equal power 
to & common marine one, 

One word in conclusion as to consumption of fuel, On this 

int results of experience cannot be given, inasmuch as the 
Piler now in the Exhibition is too small to enable conclusions 
to be formed. It is 18 inches in diameter only and 18 inches 
long, but it has converted into superheated steam 74 lb. of 
water by the consumption of 1 lb. of coal. In larger boilers 
there can be no doubt that a good result will be obtained, owiu 
first to the small quantity of water contained in the boiler, an 
consequently to the rapidity with which the steam is raised ; and 
Menon p aw Tug to the steam being in contact with one-half of the 
whole heating surface, thus leaving the boiler highly superheated. 

The decrease in weight and size and consequently diminished 
cost; freedom from excessive wear in any one or more of its parts, 
the wear being quite uniform; the strongest possible form and 
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freedom from liability of explosion from this cause, as also from 
uniformity of wear and tear; simplicity in manufacture and repaire 
ing—everything seems to recommend this boiler as a most suitabl- 
high-pressure one for steam-vessels. 

n order thoroughly to ascertain what advantages can actually 
be realised in practice, a boiler of 30 nominal horse-power is now 
pe irae by Messrs. John Stewart and Son, of the Black- 
wall Iron Works, and which, after being fully proved upon land, 
will be placed on board a vessel to be subjected to the ordinary 
usage of marine boilers. 

References to the Illustrations. 

Figs. 1 and 2 represent an arrangement of rotary marine boiler. 
Fig. lis a longitudinal section through the axis of the boiler. Fig. 2 a 
vertical section through the line AA. B is the boiler fitted with three 
inch tubes ¢; ¢ is the fore trunnion of the boiler projecting inside it, and 
fitted with six pairs of tubes p (Fig. 2), which radiate from the centre 
and are open at each end; S is the outlet steam pipe, which is stationary, 
and tightly fitting into the trunnion which revolves round it; the same is 
provided with a longitudinal opening o, communicating with the top 
tubes p; so that steam can only pass out through the pair of tubes which 
are for the time being uppermost, these being the only ones in communi- 
cation with the outlet pipe. By the position of the tubes in relation to 
this pipe, any water which might be lifted in a rising tube would flow 
back to the water-space through the lower open end, and leave the tube 
perfectly dry, to receive the steam from the highest point of the boiler 
and convey it to the outlet pipe. One of the bottom tubes p communi- 
cates with the flow-off pipe n. The other trunnion of the boiler is fitted, 
outside the casing, with the toothed wheel C, by means of which the 
donkey engine D gives the boiler the rotary motion. The feeding pipe 
f enters the boiler through this trunnion; g and A are the water and 
steam pipes of the syphon water-guage d, E is the iron casing, forming 
the furnace G, the boiler chamber H, and the smoke chamber N. The 
base of the casing to within a few inches of the grate bars, is open at 
front and back, in order to admit air under the bars. The main frame 
of the casing, containing the boiler and furnace, is lined with hollow 
fire-bricks, formed to lock in each other, and anchored to the casing. 
P is the diaphragm separating the furnace from the smoke chamber. 
The ends of the casing are provided with doorways for cleaning and 
repairing the tubes of the boiler. 


Suggestions on Balloou Navigation. 
By Dr. Isaac ASHE. 


A short time since, reading the account of the late balloon 
ascent at Wolverhampton, I was painfully impressed with the 
danger incurred by the scientific gentlemen who made it, in con- 
sequence of the vast height to which they ascended. I trust 
Messrs. Glaisher and Coxwell will have no objection to my re- 
ferring thus to their exertions on behalf of science. The account 
stated that a temporary paralysis completely overpowered the 
former, and the latter so far that he was unable to open the valve 
with his hands, and was obliged to have recourse to his mouth 
for that purpose: had the voluntary motion of his jawa been also 
paralysed, it is evident that two valuable lives would have been 
sacrificed. I beg to suggest a little apparatus, by which, in the 
event of any such accident occurring again, the valve would be 
opened in consequence, and the balloon accordingly descend to 
denser strata of air, where probably the aeronauts would spon- 
taneously recover their faculties. What I propose is, that a 
sufficient weight be attached to the rope opening the valve, 
which weight is to be supported on one extremity of a small 
lever having a ball-and-socket joint as ita fulcrum; the other 
end of the lever to have a small wheel playing freely on it, and 
kept pressed down by a fixed and slightly inclined plane above 
it, and capable of being retained in that position bya catch while 
the balloon is at safe altitudes. When dangerous altitudes are 
to be reached, the wheel is to be released from the catch and 
to be kept under the plane merely by the aeronaut’s hand; 
should the aeronant unfortunately become insensible, as voluntary 
exertion on his part will instantly be at an end, the wheel will 
be left free to move, the weight will swing round, removing the 
wheel from under the fixed plane, and the weight will conse- 
quently drop, and in so doing will open the valve, causing an 
escape of gas and consequent descent of the balloon to denser 
strata. Asa medical man I would suggest, also, that the cold 
had probably quite as much to do with the loss of sensibility of 
these gentlemen as the rarefaction of the air, which will account 
for Mr. Coxwell bearing it better owing to his exertions in 
managing the balloon. it been the rarefaction of the air 
merely he would probably have suffered more than Mr. Glaisher, 
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It is well known that intense cold has a strong tendency to pro- 
duce a state of comatose insensibility, and that the only chance 
for the patient's life under such circumstances is to force him to 
keep awake by exercise. Hence, I think, a suggestion as to pre- 
cautions for retaining the heat of the body in future ascents. 

Let me now suggest the application of a principle to balloon 
navigation which would, I think, furnish that great desideratum, 
the power of steering; I allude to We people of the screw. 
Steam power can of course never be u in balloon navigation 
on account of the weight of machinery it involves; but consider- 
ing the small amount of force requisite to propel a floating body 
through a medium so unresisting as the air, I conceive that a 
man’s exertions, applied by means of a screw, would be quite 
sufficient to give a considerable impulse to a balloon, and with 
such impulse a considerable power of steering. Such a screw 
would of course require to be very light. It might he made of 
oiled silk, stretched on a slight framework com of hollow 
steel arms, with cross-pieces of whalebone or wickerwork, pretty 
much like the sails of a windmill, which as we all know are an 
application of the screw principle. It will be objected that at a 
great height exertion becomes impossible; true, but a great eleva- 
tion is unuecessary for practical purposes, and a height of 1500 feet 
would be quite sufficient for all ordinary purposes; such a height 
indeed as would clear ordinary low mountain ranges, and at this 
height the rarefaction would be inappreciable to the sensations. 
Such steerage power would also prevent the unpleasant rotation 
which is so constantly present in balloons. By a suitable 
arrangement such a screw might be made capable of being 
hoisted while the balloon was on the ground, ao as to be out of 
the way. If, for instance, it were made to work in what I 
might call a meridional band of brass passing vertically round a 
portion of the car, and made capable of Jobs the axle of the 
screw in either the horizontal position or one nearly verticle; if 
this band were also extended under the balloon, we could obtain 
a vertical position for the axle, with the screw working horizon- 
tally under the car when in the air; and this, I conceive, would 
be an object of considerable importance, for by means of it a 
descent could bevffected without letting off gas, which necessarily 
diminishes the buoyancy of the balloon when it becomes neces- 
sary to re-ascend. To attain such an elevation as I refer to, the 
excess of ascensive power over what would be necessary to keep 
the balloon just in equilibrio at the surface of the earth would of 
course be very small, and I should suppose easily capable of being 
overcome by such working of the screw. By reversing the ac- 
tion of the ecrew in this position considerable ascensive power 
would also be obtained, which would enable the balloon to clear, 
say, higher mountain ranges on an occasion without necessitating 
the remaining at the higher elevation in consequence of loss of 
ballast. 

Steerage might, I think, best be effected on the screw principle 
also, and the method proposed would, I think, be found available 
for checking the disagreeable rotation to which balloons are so 
liable, even should it not be adapted for steering purposes in 
connection with a propelling screw. It would consist of two 
small screws similarly constructed to the large one, and placed in 
front so as not to interfere with the elevation of the propeller, 
and working vertically but in a plane at right angles with that 
of the larger one, bah the screws turning the same way. Rota- 
tion of the balloon on its own axis might evidently be etfected by 
using these screws, and by reversing their revolutions the rota- 
tion might also be reversed, and thus the tendency to sponta- 
neous rotation counteracted, and a definite direction impressed 
on the balloon. 

The main direction of the balloon must of course be governed 
by that of the wind, but I think that with the knowledge at pre- 
sent possessed of the direction and persistency of aerial currents, 
that a near approximation might be made, by their aid alone, to 
any given direction; and with the additional capabilities which 
would be conferred by steerage power I think the balloon might 
become a very useful apparatus in the investigation of these ve 
currente, & matter of so much importance to commerce and navi- 
gation. With a little additional information so gained— nav, 
even, perhaps with our present iuformation—the balloon might 
also become invaluable in the exploration of unknown and at 
present almost inaccessible regions, such as the interior of 
Australia or South Africa. Rivers easily accessible, such as 
the Zambesi, might thus be discovered without the labour of a 
life-time being expended on the search, and whole districts be 
opened up. 
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The t difficulty of explorations on foot consists in the 
uncertainty of finding water, of which there may be an ample 
supply within a few miles, and yet the traveller pass it by undis- 
covered; this difficulty wonld be to a great degree obviated by 
using the balloon in preliminary explorations, since from an 
elevation of 1500 or 2000 feet a small pond would be discovered 
at many miles distance, or in a sterile country the vegetation at 
its sides would be an equally certain indication. A descent 
might then be effected, and its position obtained by observations 
and marked for the guidance of travellers. A little attention to 
the subject would enable an aeronaut readily to estimate the 
distance from one landmark to another, and alao its bearing from 
it by the compass, and thus &n unknown territory might be laid 
open with comparatively little trouble. 

T dare say there may be practical difficulties in my proposals, 
but I think it probable that they may be overcome by a little 
mechanical ingenuity. 

i 


REVIEWS. 


A Treatise on the Principles of Electrical Accumulation and Con- 
duction. By F. C. Wess, Associate of the Institution of Civil 
Engineers. Part I. London: J. Piper. 

Tn this small volume, the substance of which has appeared 
in separate articles in ‘The Electrician,” Mr. Webb propounds 
some theories respecting the accumulation of electricity, and the 
conditions under which it may be excited, that are opposed to 
those generally received. Though opinions differ respecting the 
nature of electrical excitement, yet nearly all electricians have been 
hitherto agreed that the earth is the source whence electricity is de- 
rived. Those who assume, with the earliest experimenters, that 
there are two kinds of electricity—one of which is excited by the 
friction of rosin, and the other by the friction of glass—and those 
who agree with Dr. Franklin in considering electricity to be a aingle 
fluid, which becomes manifest only when in excess of the natural 
quantity, are equally in accord that the earth is the great storehouse 
of the electric flnid—as it is called, for want of a better term. 
It is generally agreed, also, that whether electricity be of two 
kinds—resinous and vitreous—or whether it consist of one kind 
only, in a positive or a negative state, electricity of one kind 
cannot be excited without bringing into action an exactly equal 
quantity of the opposite kind or state of electricity. Thus, for 
example, on rubbing a rod of glass with a silk rubber, vitreous or 
positive electricity is excited on the glass, and an equal quantity 
of resinous, or negative electricity, is excited on the rubber ; but, 
according to the received theory, the latter is not apparent 
because it ia distributed through the mass of the earth with 
which the rubber ia connected. If we understand Mr. Webb 
correctly, it is this theory which it is his principal object to 
oppose. He contends that electricity is generated independently 
of the earth, and that the greater quantity which is excited when 
the rubber is connected with the gronnd than when it is insu- 
lated fron: it, depends on different conditions of what he terms the 
“inductive circuit.” We confess to not clearly understanding his 
idea of the conditions necessary for electrical accumulation, we 
therefore quote his own words :— 

** Whenever electricity is generated at a source and aocumulsted on 
the conducting surfaces connected to the two sides of that source, tbere 
exista, of necessity, aa it were, a chain extending from one of these pri- 
mary conducting surfaces round to the other, which chain consists, in 
some cases, simply of a dielectric, and in others is composed of a die- 
lectric separating one of the primary couducting surfaces, in conductive 
connection with another conducting surface, which, again, is 
by another dielectric from another conducting surface, and so on until 
the other prime conducting surface forms one of these surfaces, thus 
completing the chain." 

We hope our readers may have a more clear conception of the 
meaning of the preceding conditions for the excitement of elec- 
tricity than we possess; for when electricity is excited by merely 
drawing a stick of sealing-wax through the hand, we fail to dis- 
cover any links of the complicated chain of conditions which is 
statal to exist as a vrai Mr. Webb denies that the nega- 
tive electricity is absorbed by the earth when a glass rod is 
excited by friction, but he does not account for its disappearance 
in any other way. He seems to be of opinion that it is present 
and active even when the rubber is connected with the ground, 
but he does not explain why it gives no manifestation of its 
presence. 
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When considering the induction of electricity Mr. Webb also 
eontends, with ter accuracy, as we think, that when an electric 
excited positively induces negative electricity on the surrounding 
surfaces, an equal amount of positive electricity must also be in- 
duced, but he will not accept the explanation that it is absorbed 
by the earth. He very ingeniously suggests a great variety of 
experiments by which his hypothesis might be supported; but 
while thus speculating on the probable and questionable results 
of proposed experiments, he overlooks those which the electro- 
phorus would readily afford in illustration of the action of induced 
electricity. When the resinous cake is excited, and the metal 

lata resta upon it, the instrument presents exactly the condition 
br which he contends. Positive electricity is iuduced on the 
side of the plate that rests upon the electric, and an equal quan- 
tity of negative electricity is induced on the upper surface; but 
after touching the plate with a conductor connected with the 
earth, the negative electricity disappears, and on lifting the plate 
from the resinous cake it is found to be charged only with posi- 
tive electricity. What has become of the negative quantity ? 
According to the received hypothesis it has been absorbed into 
the masa of the earth and if Mr. Webb can give any more satis- 
factory explanation, it appears to us that he would support his 
theory much better than by devising, and assuming the results 
of, fanciful experiment. 

The volume now published contains only the first part of the 
treatise; the contents of the second part, as announced, will 
relate to more practical matters, connected with the causes of the 
retardation of signals by submarine wires. That is a subject of 
great practical importance, and we hope that Mr. Webb may be 
able, by means of his original and ingenious mode of inquiry, to 
discover the means of removing that serious drawback to sub- 
marine telegraphy. 


The Correlation of Physical Forces: By W. R. Grove, Q.C., 
V.P.R.S. Fourth Edition. Longmans and Co. 


It is upwards of twenty years since Mr. Grove promulgated his 
ideas of the relation of the physical sciencesto each other, ina lecture 
at the London Institution, aud further investigations by himself and 
other scientific enquirers have tended to give coherence to, and 
to sanction, the idea that all the known physical forces may be 
produced by and reproduce each other. The researches of Mr. 
Joule on the mechanical equivalent of heat, which were an- 
nounced in 1843, attracted attention more geuerally to the 
subject ; and the essay by Mr. Grove, based on his original lec- 
ture, has now arrived at a fourth edition. The opinion expressed 
in his lectures, and which he repeats, to vindicate his title to be 
the originator of the theory of the reciprocal actions of the m 
sical forces now generally entertained, may be quoted as a brief 
exposition of the assumed relations existing between them :— 


“ Light, heat, electricity, magnetism, motion, and chemical-affinity, 
are all convertible material affections ; assuming either as the cause, one 
of the others will be the effect : thus heat may be said to produce elec- 
tricity, electricity to produce heat; magnetisin to produce electricity, 
electricity magnetism ; and so of the rest. Cause and effect, therefore, 
in their abstract relation to these forces, are words solely of conveni- 
ence.” 

This theory, expounded in 1842, has been extended by further 
consideration and by additional investigations, until it at present 
includes within its scope, the conservation of force aud the reso- 
lution of the action of all forces into motions, According to the 
view now taken by Mr. Grove, all the various physical forces may 
be resolved iuto a single force, modified in some unknown manner, 
which operates by motions of the molecules, and whenever those 
torces are called into action, that action, or its equivalent, is con- 
tinued for ever. It seems to follow as a necessary consequence, 
that as forces cannot be destroyed, neither can ier be created. 
Inthis respect they are supposed to resemble matter, which it is 
generally admitted cannot be annihilated, nor can any new 
matter be created by the operation of any known causes. This 
consideration leads Mr. Grove into metaphysical speculations, in 
which he appears to delight. He leads us to infer, and even 
distinctly states, that there-can be no new creation of force ; but 
ingenionsly as he supports his arguments by various illustrations, 
many instances occur to us of the apparent creations of force 
which the illustrations adduced fail to disprove. . When, for ex- 
ample. certain proportions of charcoal, of sulphur, and of saltpetre 
are mixed together, and a light is applied to the mixture, a 
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violent explosion ensues, which has sufficient force to rend rocks 
asunder. We are unable to perceive in the composition of the 
elements of gunpowder evidence of the pre-existence of the force 
which is excited by its explosion; and the effects of which, in 
some form or another, must, according to the doctrine of the con- 
servation of force, be continued till the end of time. Again, 
in considering the mechanical equivalent of heat, Mr. Grove 
meutions the different effects resulting from the collision of 
elastic and of non-elastic balla. In the former case, he observes, 
there is no loss of motiun, for it is transferred from one ball to 
the other, and there is consequently no development of heat; but 
when two lead balls strike together there is resistance to motion, 
which evidences itself by heating the metal. This illustration 
will scarcely apply when two lead balls are suspended hy strings, 
and one of them is allowed to fall against the other. In that 
case there is no luss of motion, for if the point of impact be in 
line of their centres of gravity, the ball that strikes against the 
other will communicate to it a full proportion of its own motion, 
and the momentum of the two balls after impact will be equal to 
that of the single ball when moving with the greater velocity. 
There is therefore no more loss of motion than with impinging 
ivory balls, but there will neverthelees be a development of heat. 
We are obliged to attribute the heat thus developed to some ' 
other cause than the loss of motion, and the doctrine of latent 
heat, against which Mr. Grove protests, seems to offer the required 
explanation. The force of the blow compresses the metal, and it 
rendera sensible a portion of the latent heat natural to it in ita 
previous state. The illustration which Mr. Grove adducea of the 
magnetising aud decomposing actions of a voltaic current in 

ing through a conducting wire is a perplexing problem of the 
apparent attainment of double effects by one operating cause, 
which the explanation given does not satisfactorily solve. 

It would require much more space than we can now give to 
the subject, to notice as they deserve the arguments advanced by 
Mr. Grove in support of the forward position he has taken in 
scientific investigations, and to resist, as we feel inclined to do, 
being led to the consequences towards which his theory points. 
It would indeed draw us into the depths of metaphysical specu- 
lation; in which we should have to combat not only for the 
possibility of the creation of force, but for the originality of 
thought. Iu defeuce of the latter, we might indeed adduce 
Mr. Grove's own essay, which contains a vast fund of new matter 
deserving the earnest consideration of all philosophical inquirers 
We quote from his concluding remarks the following passage, in 
Mes a views respecting the non-creation of force are strongly 
exhibited :— 


“Thus, to take an example previously noticed, and recede backwards ; 
the spark of light is produced by electricity, electricity by motion, and 
motion is produced by something else, say a steam-engine—that is, by 
heat. This heat is produced by cliemical affinity, ¢.e. the affinity of the 
carbon of the coal for the oxygen of the air: this carbon and this oxygen 
have been previously eliminated by actions difficult to trace, but of the 
pre-existence of which we cannot doubt, and in which actions we should 
find the conjoint and alternating effecta of heat, light, chemical affinity, 
&c. Thus, tracing any force backwards to ita antecedents, we are 
merged in an infinity of changing forms of force; at some point we lose 
it, not because it s been in fact created at any definite point, but 
because it resolves itself into so many contributing forces that the 
evidence of it is lost to our senses or powers of detection; just as in 
following it forward mto the effect it produces, it becomes, as I have 
before stated, so subdivided and dissipated ns to be equally lost to our 
means of detection. 

Can we, indeed, suggest a proposition, definitely conceivable by the 
mind, of force without antecedent force? I cannot, without calling for 
the interposition of creative power, any more than I can conceive the 
sudden appearance of a mass of matter come from nowhere, and formed 
from nothing. The impossibility, humanly speaking, of creating or 
annihilating matter, has long been admitted, though perhaps ita distinct 
reception in philosophy may be set down to the overthrow of the doctrine 
of Phlogiston, and the reformation of chemistry at the time of Lavoisier. 
The reasons for the admission of a similar doctrine as to force appear tu 
be equally strong. With regard to matter, there are many cases in 
which we never practically prove its cessation of existence, yet we do not 
the less believe in it: who for instance, can trace, so as to re-weigh the 
particlea of iron worn off the tire of a carriage wheel! who can recombine 
the particles of wax dissipated and chemically changed in the burning of 
a candle? By placing matter undergoing physical or ohemical changes 
under special limiting circumstances, we niay, indeed, acquire evidence of 
ite continued existence, weight for weight — and so we may, in some instances 
of force, as in definite electrolysis: indeed, the evidence we acquire of the 
continued existence of matter is by the continued exertion of the force it 
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exercises, as, when we weigh it, our evidence is the force of attraction; 
$0, again, our evidence of force is the matter it acts upon. Thus, matter 
and force are correlates, in the atrictest sense of the word; the conception 
of the existence of the one involves the conception of the existence of the 
other: the quantity of matter again, and the degree of force, involve 
conceptions of space and time." 


———— dá — 


THE MIDIZVAL COURT AT THE INTERNATIONAL 
EXHIBITION. 


Like the Exhibition of 1851, that of 1862 has also its Mediæval 
Court. Those however who recollect the glories of the former 
(and who does not ?) will observe with regret the comparatively 
poor display which the present one offers. There is f space, 
with more inconvenience; the articles exhibited are all more or 
less ill-assorted, and the presiding genius of a Pugin, which lent 
such invaluable aid to the organisation of its predecessor, is here 
sadly missed. True the Ecclesiological Society fare probably done 
their best, and but for their exertions there would probably have 
been no Mediæval Court at all; still the comparative shortcom- 
ing is at once discernible. We are not going to quarrel with the 
committee for admitting certain articles which here find a locale, 
while others, which certainly would appear to have a better 
claim, are banished into the “Object” court, or are scattered 
about in divers parts of the buildiug: perhaps there are reasons 
for this with which the public are not acquainted. Whether 
more space could or could not have been acquired it is not our 
province to consider, but the present insufficient room furnishes 
at least some colour of a pretext for what must otherwise appear 
unaccountable, excepť on the understanding that the outside 
exhibitors were the unyielding parties, and voluntarily stood 
aloof. In either case the fact is to be regretted, since it leaves on 
the mind of the observer a really inadequate impression of what 
the atate of revived Mediæval art really is. 

Se d no department of ancient art had been studied till 
lately with less success than the secret of its principles of 
colouring—so severe and yet so refined; so crude and yet so 
well-blended; so individually eoarse or gaudy, yet, in juxtaposi- 
tion so well toned down, But in the elucidation of this mystery 
the improvemeuts which have been made in modern stained 
glass havehad considerable share. An entire change has come over 
the spirit of this work during the last twenty years, and we have 
now artists who bid fair to realise in their productions some of 
the most highly-prized efforts of the Middle Ages. So also in 
tapestry; Pre-raphaelite (as they are called) results of the most 
gorgeous kind are being produced, which are rich in the extreme, 
without being necessarily in tbe least degree vulgar. Men of 
unquestioned skill are giving their energies to the task of investi- 
gation, and it is no slur upon such artists as Rossetti and others 
that they should be lending their talents to designing hangings 
and furniture. Thus, on entering the Mediæval court the eye is 
arrested hy a host of these things,—altar frontals, drapery, side- 
boards, cabiuets, sofas, chairs, tables, book-cases, and—to stretch 
the point a little—organs. In the first-mentioned of these, 
Mr. Bodley’s designs are conspicuous for their beauty, both in 
conception and working out. Those, too, executed bythe Ladies’ 
Embroidery Society evince the successful application of patient 
labour. For their designs they are mostly indebted to Mr. F. 
Preedy, late of Worcester, but now of London, who has thoroughly 
entered into the spirit of ancient examples. Messrs. Morris, 
Faulkner and Co. are important contributors, by far the best of 
their works being the different hangings; and, nextly, their stained 
glass, but in both form has apparently been treated quite sub- 
serviently to colour. Mesars. Batia and Fisher show some 
good things in the way of decoration; and Messrs. Jones and 
Willis a variety of beautiful specimens, of church tapestry in 
particular. Messrs. Cox and Son, of Southampton-street, excel 
more in their curtain materials than in articles of more pretension: 
but though everything from their establishment bears evidence 
of care and good workmanship, the designs themselves are not in 
all cases worthy of the pains bestowed upon them. 
^ Referring to woodwork, plain and coloured, there is ample 
field for remark, but we must content ourselves with a brief 
notice of the principal objects. In point of number we believe 
those of Mr. Burges will claim priority of notice. They consist 
chiefly of cabinets, inlaid and painted in the proper Mediseval 
grotesque style, whieh, for it& mere antiquity only, will always 
enlist admirers of a certain class. Into the discussion of how far it 
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is desirable to cherish such conceits weare not going here to enter, 
but certain it is that the mania has spread far and wide; while, 
if anything can assist the movement among those who are dis- 
posed to view these things with a favouring eye, it must be the 
perfection of imitation to which Messrs. Burges, Seddon, and 
others have attained; whereas to the uninitiated, or those whose 
predilections follow a different bias, this very perfection will 
serve proportionately as an antidote. With a humorous fancy 
Mr. Burges has associated with one of his works, pictorially, the 
story of the “ Wines and the Beers,” in genuine Mediæval] guise, 
rich in coloura, and quaint in outline. The subject-decorations ’ 
illustrative of Pagan as contrasted with Christian art, as depicted 
on one of his bookcases, are of the ultra-medimval type; and, 
judged by that test, perhaps more clever than those just alluded 
to. The subject of the “Metals” has been happily treated on 
another piece of furniture, the framework of which is not how- 
ever so good in design. Mr. Seddon has also a large show of 
fnrniture, in style much akin to that of Mr. Burges, and, bein 
less recondite in treatment, is consequently more intelligible an 
likely to be better appreciated. If we might venture on a sug- 

estion, it would be that some of the enrichments might have 

en spared with advantage to the general effect, and that per- 
haps a more natural flow of conventional forms (though the 
phrase may seem a contradictory one) would be more pleasing. 
On the visitor's right and left on entering this court are two 
small organs, built by Gray and Davison, from the designs of 
Messrs, Prichard and Seddon. These will bear comparison with 
any in the Exhibition building, so far as constructive features 
are concerned, but the colours, and especially the inlaying, are 
overdone. The pipes in the front are visible, as they should be; 
but the diapered ornament on them might be improved, as well 
as the colours in which they are painted. We may note, paren- 
thetically, that Messrs. Prichard and Seddon exhibit several 
paving tiles, which are eminently successful as professed imita- 
tions of old specimens, They are partly heraldic and partly 
ornamental, the surface being antiquely rough, and the patterns 
impressed with artistic freedom. There tiles have been executed 
with praiseworthy ability by Mr. W. Godwin (of Lugwardine, 
near Hereford), whose manufacturesin this material are deservedly 
gaining in public estimation, and who is now engaged on a large 
surface of pavement for Hereford Cathedral, similar in kind to 
that recently laid down by him at the Priory Church, Brecon. 
The furniture of Messrs. Morris, Marshall and Co. carries quaint- 
ness to the verge of extravagance, and with one or two exceptions 
must be regarded as a thorough failure. They have not the 
least pretension as articles of beauty, so that unless the alterna- 
tive recommendations of perfect adaptation to comfort and utility 
are manifest, such attempts are better avoided. Gothic they 
certainly are, but in the objectionable sense of the word, crude 
and unattractive in form, and for the most part slightly framed 
together in black wood. The stuffed cushions, &c. are more 
sensible, as they are evidently intended to wear, and their sombre 
hues will not show the dirt as do the ordinary delicate colours. 
Mr. Norman Shaw's elaborate bookease, executed in various woods 
by Mr. Forsyth, was described by us when noticing the gallery 
of the Architectural Exhibition. It is here seen to advantage as 
viewed along with other things of a similar kind. The specimen 
of wood-carving by Mr. Wilkie, of Lambeth, is deserving of 
mention on account of its beauty and the care with which every 
part has been expressed. It is small, and consists of an arrange- 
ment of foliage. The stall ends for Chichester Cathedral have 
been noticed elsewhere. 

In stone-carving there are some clever works. In the higher 
order of art there is the model of the fine tomb and recumbent 
efigy in Canterbury Cathedral, to Dr. Mill, executed by J. B. 
Philip, whose enormous chimney-piece for a mansion in Corn- 
wall designed by Mr. Burges, is the prominent object on the 
left-hand side of the court. Around itsfrontand sides is illustrated, 
in bas-relief sculpture, a local story, with an excellent effect. 
A particularly fine effigy of the late Earl Cawdor, by Mr. J. 
Forsyth, is quite equal—perhaps superior—to that of Dr. Mill, 
to which it bears some points of resemblance. We are glad to 
observe the new reredos which Mr. Burges has designed for 
Waltham Abbey Church, and which has been carved in the best 
style by Mr. Nicholls. In thia, sculpture is judiciously distributed, 
and all maintainėd in good keeping throughout. One of the in- 
tended figures is shown by itself, decceated as proposed: this is 
done in positive colour, on the Mediæval (f) principle, as dis- 
tinguished from the more delicate tonings of Classic nrt. A 
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reredos by Mr. Earp, designed by Mr. S. S. Teulon, is not equal 
to the beautiful font in the" Object” court from the same hands; 
while another font, by Farmer, from Mr. Norton’s designs, is too 
uny, and frittered to an absurd degree. The other font, one by 
Mears Kirk and Parry, is nothing less than positively ugly: 
showing a total disregard of real Gothic feeling. Two eagle lec- 
terns, both by amateurs, may on that account claim indulgence in 
ing an opinion, otherwise much could not be said in their 
favour. The e cast for the sculpture of the Resurrection, 
which is to fill in the tympanum of the Digby Mortuary Chapel, 
at Sherborne, is here shown, and is a very impressive and noble 
work, from the hands of a young artist, Mr. Redfern. 

We have thus adverted to the most important contribu- 
tions to the Mediæval court, and can only repeat our regret 
that the occasion has not called for a more special and ex- 
tended notice at our hands. It should not be omitted however 
to call attention to the fiue drawing of the new ceiling under the 
western tower of Ely Cathedral, as proposed by the late Mr. H. 
Styleman L'Estrange, who had already so zealously and admi- 
rably painted the frescoes on the nave roof, and whose recent and 
sudden death is a loss to art which will not readily be supplied. 


————übe————— 


FOREIGN PUBLICATIONS. 


* Palais, Chateaux, Hotels, et Maisons, par Claude Sauvageot.— 
The issue of this work is prone regularly, the sixth part 
having recently come out. The best recent illustrations relate 
to the Hotel de Bogüe at Dijon. This building must be most 
remarkable for its richness and variety, and, though far from 
large, furnishes subjects for a very considerable number of fine 
plates, Tt was built at the commencement of the seventeenth 
century (about 1614) by Estienne Boubier, a man of note in the 
Poe and a lover and student of the arts, and is believed to 

ave been from his designs. Except the portico, which is Italian 
in its conception, the house is in style quite French—may be even 
called Burgundian. It belongs to that fertile local school which 
at the close of the sixteenth and commencement of the seven- 
teenth centuries covered this province with edifices, and furnished 
them with those innumerable coffers, cabinets, and chairs of 
carved work which are so much sought after by collectors at the 
present day. A certain coarseness in execution, more abundance 
than elegance in details, a certain disregard of rule in the 
arrangement of features, but a richness and variety whick are 
unequalled; extreme boldness in the selection of leading features 
and in the system of decoration, and something of a picturesque 
recollection of Mediæval art shining through the formality of the 
Renaissance;—all these characteristics are proper to the works 
of this school, and they all are to be found in this work of 
Estienne Bubier. Besides this charming house, the Chateaux of 
Pailly, Taulay, aud Auzy le Franc, and other examples, furnish 
subjects for illustration. The execution of the plates continues 
admirable. 


* Ausgefuhrte Bauwerke, von Fr. Hitzig (‘Executed buildings,’ 
by F. Hitzig) Berlin: folio, 2 vols. ‘Architektonische Ausfuh- 
rungen; von E. Titz, (‘Architectural Executed Examples’). 
Berlin: folio, 1 vol.—are two works of much the same nature: 
they consist of lithograph engravings from working drawings, 
showing the whole or portions of executed works, with a few 
perspectives appended; which last, by the bye, are by no means 
the best executed or most creditable parts of either book. The 
works of Titz show talent and originality. They are in a some- 
what peculiar style, a version of the modern classical manner 
which prevails so largely in Paris, but treated with very much 
gu freedom, the details bearing some resemblance to Swiss 

ecorative work—especially in the use of pierced spandrils, and 
the treatment generally of the woodwork. The mouldings 
throughout are original aud good, and the decoration often very 
successful. In Hitzig we have an artist of a wider range, of 
whose works more numerous illustrations are given, and whose 
designs evince a deeper feeling for the classic in architecture. 
This is especially shown in the house of Connt Pourtales at 
Berlin; the dwelling-houses in the Schiffes Strasse; and the 
mansion on the exercising ground, also at Berlin; and several 
designs for houses in the suburbs. Three large castellated man- 
sions are illustrated, all of them possessing something grandiose 
and happy in grouping, but eminently unsatisfactory in detail 
and in decorative treatment to an English eye, the art being on 
a par with that of the worst parta of Windsor Castle. As speci- 
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mens of planning however these mansions deserve the most 
careful study, and display nbility of the highest order, as 
indeed do allthe plans in the book; and on this account alone 
these volumes would be well deserving attention. Many ex- 
cellent hints are to be got from them; aud the two or three spe- 
cimens of internal decoration which they contain (excellently 
printed in colours) wil be found especially suggestive to the 
artist. 


* Die Kunst des Mittelalters in Schwaben, (‘Medieval Art 
in Suabia’). By C. Heideloff, Stuttgart: 4to. with folio atlas. 
This work is one which will probably have more a local than a 
general interest. The district which it illustrates is hardly one 
of the richest in objects of architectural or archeological value. 
A very large number of Medieval fragments or works still 
remain however scattered about through the district, and a very 
respectable volume, prepared with all thefcare of the German 
archeologists, is the result of the determination to illustrate 
them. The plates are treated with the peculiarities which beset 
all German engravings, and of which, certain want of skill to 
render foliage correctly is one. This defect is markedly present 
here; but in other particulars the book is well illustrated, and 
throughout it is very carefully prepared. 


———ÁÉX——— 


EAST INDIAN RAILWAY, NORTH WEST DIVISION. 


Tue Consulting Engineer gives the following general progress 
report of the operations of the East Indian Railway in the North- 
estern Provinces, for the half-year ending December 31st, 1861. 
Up to that date 2433 miles of railway, extending from Allaha- 
bad to Sekoabad, was open for public traffic. Since then it has 
been extended to Agra, making a total of 279} miles opened up 
to date :—“ Thirty-four and a half miles of new line were finished 
during the half-year, and opened for public traffic. Progress in 
the next 36 miles to Agra has been delayed by the want of 
sleepers. This length has since been opened on April 1. The 
line from Toondla Junction to Allygurh is ready for permanent 
way, but waiting for sleepers. rom Allygurh to Ghazee- 
ooddeennugger, within 12 miles of Delhi, will be ready for the 
rmanent way long before the latter has been laid to Allygurh. 
Plate laying on the length between the Kurrumnassa "iE Be- 
nares will commence as soon as enough sleepers have been de- 
livered to insure the work being carried on without interruption. 
Messrs. Dear and Co. have begun to deliver sleepers at the mouth 
of the Gunduck, and the transport department will convey them 
up the Ganges, and deposit them at convenient ghauts near to 
the line. The Chief Engineer lays stress on the growing diffi- 
culty of procuring sleepers, and advocates the use of a wrought- 
iron on a section of this railway. An indent for 150,000 
creosoted sleepers, to be sent out from England, has lately been 
referred to the Board of Directors for compliance. The Commis- 
‘sioners of Kumaon, Meerut, and the Superintendent of Forests 
in Oudh, have been addressed on the subject of supplying 
sleepers to this line, and inquiries are being pursued in the 
jungle tract south of Mirzapoor. The electric telegraph is now 
in working order from the Kurrumnassa to Ferozabad, near 
Agra, a length of 397 miles. There are 26 stations, and the work- 
ing is satisfactory." 
he gross receipts on the opened line amount, for the half-year, 
to rs. 8,67,644, and the working expenses to rs. 3,63,925. The 
expenses and profits are therefore respectively 41:95 to 58'05 per 
cent. earnings. The Consulting Engineer thinks that this shows 
economical working. The profit is about 23 per cent. per annum 
on the expended capital—a result which seems far from satisfac- 
tory. But even from this a considerable subtraction should be 
made, as it includes the cost of transportiug railway materials, 
which is estimated at rs. 2,50,242, or almost one-half of the total 
rofits. 
ji The Traffic Manager reporta on the passenger and traffic, 
that the former is Peame more and more developed every day; 
that the Coaching Traffic in the half-year under review is 
rs. 1530,230-2-1 in excess of that for the corresponding halt-year 
in 1860. The increase in the goods traffic is very large, bein, 
rs. 2,05,053-8-2 in excess of the corresponding half-year, aud 
when it is taken into account that a vast quantity of grain was 
sent over the line, consequent upon the famine during the half- 
year ending December 1860, and none this half-year, the increase 
must be regarded as highly satisfactory. 
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OLASSIFIED LIST OF PATENTS SEALED IN OOT. 1862. 


1819 Merolla, 8.—Fire arms—May 8 

1081 Lemat, F. A., and Girard, C. F.—Fire arms—April 18 

2007 Hill, T.—Rifle butte—July 13 

1146 Bose, W.—Barrels of fire arms—April 19 

1183 Monckton. E. H. C. — Metal for o ice —A pril 21 

2067 Tranter, W.— Fire arme—July 19 

1281 nay J. M.—Machine "d manufacturing projectiles —A pril 80 
1220 H W.—Rocket— Api 

1194 Bond, J. lee TA De 24 


974 Colling, J. arch ships sails — April 5 

982 Simons, W.- Constracting ships—April 7 

991 Brown, J. —Coating ahips —A pril 8 

1004 Wright, J.—Joining armour plates — April 8 
1018 Jones, J. —Conatructing and arming ships—April 9 
1027 Coles, C. P.—Ships' maste— \pril 10 
1033 Bruge, G.— Protection for sbips, forte, &c. —A pril 10 
1071 Harratt, C.—Maste, yards, &c.—April 14 

1085 Bedson, G.— Wire ropes - April 15 

1546 Bender, J. .— Ship building and armoar—May 31 
1023 Nunn, aros lanthorns and siguale—April 10 
1188 Phillips, J.S ethod for propulsion of vessels—A pril 19 
1160 Lumley, H.—Rudder—April 19 

1171 Warner, A.—Veseels of war and batteries—April 29 
1506 Sickels, F. E.—Stcering apparatua—May 17 

1243 Vaile, R.—Propellers— April 28 
1362 Hopwood, T. H.— Raising sunken veasels—May T 
2006 Meunous, M. A. F.— Floating batteries (a com. 7 ray 12 
977 Kobitzach, R. A.— Diving apparatus— April 6 
1088 Peacock, R. A.—Lock Lengua sin 15 
1218 Aspinall, J.—Safe for ships’ papers, &c.—- April 25 


956 Silver, T. "a e EDI T a 4 
963 Fielding, 8. R., and T.— Valves and lubricators — April 4 
1018 Kuoweldon, J. —Steam and other fluid enginea—April 9 
1063 Spencer J. F.—Steam engines—April 14 
1179 Birkbeck, G. H.—Lubricators (a com.)—AÀ 23 
1159 Brooman, R. A.—Jackets to prevent loss of heat (a oom.) — A pril 21 
1191 Endean, J -—Valves—April 24 
1257 Chilis, D. M.—Steam engines (a ree )—April 29 
1100 Stott, D.—Steam joints in paper, &c.—April 16 
1128 Brooman, R, A.—Valreu (a com. )—April 17 
1216 Shaw, J.— Indicators (a com.) —A pril 25 
1214 tlder, J.—Steam i eneines and boilers — April 25 
1091 Phillipson, F. C.—8team hamumers— April 15 


1129 Brooman, R. A.—Buffers and oprig Api 17 

1132 Rideal, 3.—Railway breaks—April 17 

1133 Clark, Ww. x Bier rall (a com.)—April 17 

1210 Mansell R. C. — Railway wheela—April 25 

1519 Mennons, M. A. F.—Locomotion on steep Inclines—May 20 
1192 Haggett W.—Looomotives — April 24 


1125 Porin, J. L.—Morticing machinery —April E n 

1529 Barlow, H. «.—Cottou presses 'a com.:— May 

1215 Oxley, J. Z= Abparatos for bread eating ape D 30 

1259 Chil D Changing the anres of machinery (a com.)—A pril 99 
1876 Riddle, W asi ic preases— May 8 


972 Begg, W.—Smoke-consuming apparatus, farnace-bars, bridges —A pril 5 


1034 Bartholomew, C.-- Cirenlar blootos — April 10 

1202 Musbet, R.—Puddling furnaces— April 24 

1062 Payton, E.—Angle isou—april 14 

1333 Marrel, ¥.—Irou bar and annour plates—May 5 

1161 Attwood, T.—Kitchener April 21 

1228 Alleyne, J, G. N. — Manufacture of Iron and rr Du 26 

1329 Wilsou, T.— Manufacture of armour plates—May 5 

1260 Wilson, E. B. — Manufacture of malleable iron and steel—April 29 
1839 Wilson, E. B.— Malleable iron and steel — May 8 


1075 Brooman, R. A.—Pumps—April 14 
2261 Cooper, J.—Pumpe — August 13 


1900 Callebrant, C.—Sewing machines—June 28 
1110 Johnson, J. H.— Wheel cutting machinery—April 16 


1000 Sharpe, B. ~ Harrows —April 8 

1138 Newton, W. E.— Manure— ‘pril 23 

1262 Ne rton, W. E. - Mowing and reaping machines ‘a com.)—April 29 
1731 Allison, J.—Harrows - June 10 

1052 Howard, J.—Steai cultivator—April 11 

1174 Boby, H.—Clod crushers— April 22 

1136 Deunison, R.— Mowi'g machines April 19 

2097 Clark, W. Manure (a com.) —July 21 

1211 Drummond, P. R.— Revolving rake— April 25 

1221 Fisken, W .—Bteam cultivator — a pril 25 

1253 Ross, J. - Grindstones (a com,)—April 29 

1258 Childs. D. M.—Mowing machines /a com.)—April 29 

1277 Carter, J. M.— Harness, Se A 30 

1818 Fowler, J.—Hauling engines—May 3 

1323 Schlickeysen. C. — Machinery for moulding bricks, turf, &c.—May 8 


1894 Menuons, M. A. P.—Apparatus for reducing tumors in the limbs of horses (a com.) 


June 28 


985 Haseltine, @.—Lampe for hydrocarbon oil —April 7 
1005 Cobley, T. — Treatment of ores — April 8 
1030 Deacon, H.— Caustic soda—A pril 10 
1857 Nicholaon, E. C. —Preyaration of colonring matters—June 24 
1058 Prewett, E. — Chemical pesci i 12 
1090 Gray, T. W.— Explosive com 5 com.)—April 16 

1235 Bischof, G.—Obtaining metallic apro and silver.—April 26 
1874 Peterson, G. —Hydrometer—Juue 26 

1177 Moir, W.—Hydrometer—A pril 23 
H84 H son, A.— Bleaching vegetable substances—April 28 
1462 Clark, W —Preserving meats &c. (a com.)—April 29 

% Walker, R.—Malting—May 2 


1007 Andrew, J. B. UR oome arno 
1010 Ballough. J.—Looms—A pril 
1011 Taylor, Ns um ames Apri] 9 
2162 Wauklyn, W.—Pre| pini = Indian esha and 80 
oT n 

utterwort| rese the forms of c April 11 

1056 Whitesmith, In neci aso rin dra 
1055 Nussey, one oriog $? fibrous materials—A pril 12 
1086 Platt J. -Looms —A 
1087 Platt, J. A ppatatut for easing wool—A pri] 15 
1120 Harling, W., and Todd, aoe 17 
Hn Morphy, J. Lom Apri 17 
1184 Rivett, — Preparing fibrous materials for spinning —A 7 
1193 Wheatley, H. Steam Singa paratus— April 24 5 
1141 Stewart, R., and G.—Flyers and s indles—A pril 19 
1171 Bates, G. W.—Dresaing Tace — April 28 

1877 Coquatrix, J. B. gearing carpete—June 20 
2104 Rawson, H.—Wooleombing machinery —July 24 
1226 Brocklehurst, T. U.— og—A pril 26 
1888 Anderton, J.—Si yarn—June 21 
1265 Travis, A. and B.— ing cotton and other fibres—A pril 80 
1380 Norton, J. L.—Drying apparatus—Apr.] 80 
1286 Loy, W. T. —Carding ine (a com.)—4A 30 
1293 Bodden, W., and Mercer, W.— Hoving May 2 


1048 Gedge, W. E.— Lamp for mines—A pril 11 


980 Duncan, C. S.—Ventilating apparatus—April T 
1204 Zimard, B.—Stove for beating and ventilation —A pri] 24 
1266 Tizard, W. L.—Heating and condensing apparatus—A pril 29 


1234 Hart, H. W.— Reflector for gas ligbi& — April 26 
1196 Wiasborow, John.—Gas meters—April 2 


1864 Wood, N plate glass — May 7 
1912 Easton, W. Ed ri 


916 Facounet, L.—Tiles—April 5 
1944 Lan toD, J.—Portiand coment AMT 9 
1251 Clark, E.—Arches — A pril 29 
1278 Prince, A.— Imitation of marble (com.) —April 80. 


1165 Creeke, C. C.—Drain and other pipes—A pril 21 
1151 Trouchon, A. P,—Constracting houses, walls, &c.—April 21 


1971 Gille, J. M.—Inkstend—July 9 

1828 Allman, H.— Locks — May 5 

1269 Dairs, G.—Nails, screws, &¢.—A 80 
1250 Noningron 8. W.—Tsp—April 2 

1346 Wells, HoF yhe clamps —April 29 


959 loct G. S uds ers for calico an —April 4 
1208 D. rfield, F.—Printing rosses S Apr 24 
1864 Clark, beet hh machines (a com. AL 6 
1170 Carpenter, W .— Printing ın colours — April 23 


1065 Tolhansen, F.—Telegraphic printing apparatus — A pril 14 
1268 Davies, G.— Electric des fas (a can FA pril 30” 
1223 Nogretti and Zambra.—T bermometers—A pril 26 


987 Jackson, T.—Pianofortea—A pril 7 
1148 Wornum, A. N. —Pianofortes— April 19 
1284 Willis, H. —Organ valves—a pril 30 


998 Moncton, E. H. C.- an mekoepero= Aprils 
1481 Buckney, T. — Timekeepers — May 12 


977 Brearry, W. F.—Medicated vessels — April 8 
1268 Michael, H.—Aerating liquids (a com.)—April 29 


1221 MacLachlan, L.— Photography —A pril 25 


964 Broowan, R.—Cases for reels of ne silk, &c.— April 4 

975 Clark, A.—Revolving abutters— 4 pril 5 

1064 Bonnett, J.— Revolving shutters— Apri! 13 

999 J. es, J . —Iuetrument for the game of croquet—A pril 8 
1009 Hol linshed, G.- Bandwich cases—A crag 

1024 Honghton, Jobn.—Havresack—Ap 

1087 Fox, W.—Brooms and pros Apel do 

1045 Rigollot, F.— Boots and shoes —Aprll 10 
1049 Clarke, W.—Leathern accoutremente—A pril 11 

1069 Hampahire, J. K. - Bafety cage for miners—April 14 
1224 Newton, W. E.—Lamp chimneys (a com. ordo ^P 25 
1285 Newton, W. E.—Laumps (a com.)—A pril 

1820 Newton, W. E.— Method of joining TET ln : 

1076 Brooman, R. A.—Hobby horse—a pril 14 
1080 Bennett, T. H. —Hats and caps— April 16 
1096 Edwards, T.—Letter boxes—A pri! 16 

1097 Rarbour, J. -Upholsterers’ bammer—April 16 
1135 Wedgewood, R.—Fire escape - April 17 
1280 Clark, W.—Collars and cuffs (a com. }—April 26 
2230 Haseltine, G. wheels (a com.) — August 9 
1142 Rhodes, B. — Paper and other pipes—-A pril 19 
1166 Lea, T. —Alarma—A pril 21 
1167 Monckton, E. H. C. — Umbrellas and waterproof fabrics —A pril 28 
1188 Bousfield, "'G. T. — Carriage springs—April 23 
1197 Davis, G.— Malting- April 2 

Boyle. A.— Hair pins— April 26 
ist Lefebvre, P. V.—Foun pens—May 8 
1861 Markland, T.— Wearing apparel— May T 
1990 Townsend, E.— Boots add shoes— July 10 
2062 M 0. F. — Cooking stove—J uly 18 
Ne Clark, a D (a com.) July 21 
Wheeler, C. Leia qure. paper august 18 

iu Lester. A Seria wool work—A pril 26 
1264 Moore, E.—tHhirts and deseri a 80 
1271 Miden, J.—safety iamps—A pril $0 
1279 Staufen, W.—A new material for the manufacture of brushes— s pril 30 


——.J—— 


(Nov. 1, 1862 


Dec. 1, 1882) 


THE SPECIAL EXHIBITION OF WORKS OF ART AT 
THE SOUTH KENSINGTON MUSEUM. 


To the stimulus of the International Exhibition is due the sug- 
estiorf and organisation of the marvellous collection of Medieval, 
naissance, and other works of art displayed in the new buildings 
at South Kensington. This is familiarly known as the “ Loan” 
Museum, inasmuch as the objects now deposited there have been 
lent for the purpose by their respective owners, subject to the 
understanding that, while no limit shall be assigned to the term 
of their exhibition, they may at any time be reclaimed by their 
several proprietors. The felicitous idea which gave rise to this 
collection has resulted in a success as extraordinary as it was 
certainly unexpected; and the intereat which it awakens in the 
sympathies of all classes of the community is evidenced by the 
crowds which throng the museum both on the private and public 
days. Though originally intended as a kind of adjunct only to 
the International Exhibition, to be inaugurated about the same 
tine, and closed simultaneously with it, this latter proposal has 
not been adhered to; consequently, though the products of the 
world’s great fair are by this time dispersed, the priceless 
treasures in the adjacent building are, for the most part, still on 
view; and, now that their counter-attraction has ceased, the oppor- 
tunities for careful study are enhanced, and the anxiety to make 
the most of them appears to be increasing rather than on the 
wane. 

In endeavouring to present to our readers a brief record of the 
chief objects connected with Fine Art, as being most strictly 
within our province, it may be thought that this specific notice 
has been deferred too long; but it must be remembered that, in 
an exhibition of this kind, no description, however clearly and 
completely given, can compensate for the lack of an nctual in- 
spection; while it may be presumed, there are few who make the 
least pretension to au interest or acquaintance with such subjects 
but have long ere this found some occasion for thus person- 
ally examining them. So that what we have now to detail may 
rather be viewed as a deliberate resumé of the whole collection 
for useful permanent reference, than as a mere introductory 
key or catulogue to its contenta. 

te should premised, however, that the fosmation of this 
Loan Museum formally originated with the Committee of Council 
on Education, who, in a minute addressed to Her Majesty's Privy 
Council, stated the intention of the department to assemble this 
special collection of works of art, * with the view, more particu- 
larly, of bringing together for temporary exhibition the finest 
known specimens of their several kinds in this country.” The 
subjects thus more especially contemplated for illustration were 
— Decorative works in metal of the Mediæval and more recent 
periods; gold and silver plate, bronzes, decorative arms and ar- 
mour, jewellery, enamels, earthenware and porcelain, carvings in 
ivory and other materiale, decorative furniture, miniatures, &c.; 
and an efficient managing committee was speedily organised to 
give practical effect to this resolution. The main classification of 
objects, as above enumerated, was rigidly adhered to; but the 
general scheme admitting of subdivision, many kindred features 
were introduced, of more or less importance and subserviency to 
the whole; while a very proper regulation was enunciated from 
the first, which was that, as the aim was less the formation of a 
very extensive collection than that of an extremely select and 
systematic one, the reception of unnecessary or duplicate speci- 
mens must be avoided; and also, on the other hand, that the most 
careful consideration should be exercised in the selection of the 
real and acknowledged treasures of art alone desired on this 
occasion. These additional classes furnished a by no means 
unimportant supplement, embracing, among others, works in 
aible. and terra-cotta (within the period assigned), cameos and 
engraved gems, niello and impressions from ancient nielli, engrav- 
ings, (ra ploinent and utensils of ornamented cutlery, mosaics, 

lass, textile fabrics in general, including articles of costume and 
ce, bookbindings, and illuminated manuscripta. 

This noble attempt has succeeded, as we have stated, far be- 
yond the expectation of its projectors. Thus, here are concen- 
trated the splendour, wealth, and curiosity of the central gallery of 
the Manchester Exhibition, of the temporary museums formed by 
the Society of Antiquaries and by the Archeological Institute, 
the exclusive gatherings of the Fine Arts Club, and the wonders 
exhibited at Ironmongers’ Hall last year. The thorough ar- 
rangement of so overwhelming a mass of articles, amounting to 
many thousands, haa of necessity proved an insuperable diffi- 
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culty, and even with the help of the excellent catalogue which 
has now—unfortunately too tardily—made its appearance, it is 
next to impossible to follow their order as enumerated, owing to 
so many of the most important objects having been removed 
to more conspicuous positions. But these disadvantages are 
more than counterbalanced by the opportunities thus fur- 
nished for thoroughly minute investigation, and the observer 
is amply repaid for the additional trouble caused by the dis- 
placements. 

In dealing with the subject at large, it will be evident that, 
from the limited space which can be devoted to its consideration, 
our remarks must be chiefly confined to such portions as bear a 
legitimate and practical value in relation to the several branches 
of architectural art, and our aim will be to dwell particularly 
upon such instances of applied skill as, either from their varjety or 
theirinstructive elements of design or workmanship, claim this dis- 
tinction. A very few words must suffice on the subject of the sculp- 
tures in marble, terra-cotta, &c.and carvings in ivory. In the former 
of these the most interesting are some of the productions of 
Michael Angelo and Torregiano; and there is a very fine circular 
relievo in “ geaso duro" (No. 21), ascribed to Lorenzo Ghiberti, 
It is, unquestionably, a Florentine sculpture, the subject being 
the Virgin and Child with Angels. There is also (6) a good spe- 
cimen of “Della Robbia ware,” circa 1460; being a statue or 
group in the round, in terra-cotta, the drapery and accessories 
enamelled. The very numerous and extraordinary collection of 
sculptures in ivory, lent by Mr. Webb, will be viewed with in- 
terest by all who can appreciate the extreme care and delicacy 
required in such works. Some of its various specimens date an- 
terior to the 13th century, and the series is continued, through 
various stages, to the Renaissance. These subjects are 122 in 
number, and consist, for the most part, of small diptychs, trip- 
tychs, and devotional tablets, carved with scriptural and allego- 
rical groups in the most exquisite manner. Besides these, there 
are some crosiers and other objects of religious use; also some 
remarkable coffers and caskets, A beautiful example is of 
the third century, and is a small bas-relief, in height six inches, 
and representing a part of a sacrificial procession. The rough- 
ness of this specimen points to perhaps the very start of the 
art. No. 39 in the catalogue is the first example of Chris- 
tian art in ivory, and belongs to the sixth or seventh century. 
It is a book cover in five panels, bound by metal bands, and 
c tesi the Virgin and Child, with figures on each side, pro~ 
bably of Isaiah and Melchisedec. A medallion of a head of our 
Lord, supported by angels, is above, and three scenes from the 
Nativity below. the middle figures. A Byzantine bas-relief of 
the ninth century represents SS. Peter and Paul, with an angel 
between, and above the Greek words MOAIO POMH, which, on a 
Byzantine carving, seem to reqnire some explanation. A tryp- 
tych, or hinged altar-piece, of the fourteenth century, is a good 
work and interesting. No. 105 is curious from the fact that the 
group of the Virgin and Child bears traces of painting and of 
metal work added to the ivory. 

In the collection of ivories belonging to Mr. Brett will be no- 
ticed several beautiful pierced tablets, such for instance as (197), 
which is in four pieces, and contains sixteen subjects from the life of 
Christ, surmounted by Gothic canopies and elaborate tracery; in 
the spandrels are angels playing on musical instraments. The 
date is about 1400. (202) is a triptych carved from narrow pieces 
of bone, set in marquetery borders: it is of North Italian work, 
fifteenth century, and belongs to the Bodleian Hm Oxford. 
A devotional tablet, representing the Crucifixion and the Adora- 
tion of the Magi, is also particularly meritorious. Mr. H, G. 
Bohn has a tablet with a filigree metal border, whieh is curions, 
and seems to us later than the date assigned in the catalogue, 
which is the ninth century. Mr. G. H. Morland hasa beau. 
tiful tryptych of nearly eight inches in height, and bearing nu- 
merous delicately-wrought figures in groups, under Gothic cano» 

ies; it is of the period of the fourteenth century. Mr. Edward 

aterton has a similar, but smaller, tryptych; and from Stony- 
hurst College there are several beautiful specimens of tryptyc 8 
and tablets. Mr. Hope Scott has a very pretty group of the 
ae and Child, which belonged to Syon ew t and is of 
English workmanship, between 1200 and 1300 ap. An exquisite 
crosier head belonging to Mr. P. H. Howard (206), is in every 
sense a most remarkable production; on one side is a representa- 
tion of the Virgin and Child, seated, and attended with angels; 
below are diminutive figures of the three kings; on the other 
side is our Lord, seated in judgment between two angels, bear- 
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ing emblems of the passion; at his feet are haman figures 
jasuing from their tombe. The upper part of the crook is 
De and composed of very elegant running scrolls of foli- 
; on the knop are the twelve apostles arranged under six cano- 
pies, with two niches in each. Itis of English work, date fourteenth 
century. Mr. Beresford Hope has also a good, but a plainer, 
erosier, entire, the crook representing the coronation of the Virgin 
Mary, as Queen of Heaven. This is also of the fourteenth century. 
A crosier head from the Ashmolean Museum at Oxford belongs 
to a similar period, but has been supplemented by silver work of 
a later date. Some ivory horns, by which the owners hold 
tenure of manors and foresta, are remarkable, the most interest- 
ing being the Bruce horn, belonging to the Marquis of Ailes- 
bury. It is a plain polygonal horn of ivory, wounted in silver 
gilt, and enamelled; the two upper bands are decorated with 
quadrangular panels inclosing figures of animals, with a ground 
in translucent enamel representing landscapes; round the mouth 
is an arcade with birds; the other two bands are more recent. 
The belt is studded with enamel plates, with the arms of the Earl 
of Moray, probably those of Thomas FitzRandolf, nephew of 
Robert Bruce, and Regent of Scotland, who died in 1331. This 
belongs, it is supposed, to the fourteenth century. Some chess- 
men of the twelfth and thirteenth centuries bear witness to the 
great antiquity of the intellectual e. The most complete 
set belonging to the former period is the property of Lord 
Londesborough, who is a large contributor to the Loan Museum. 
A atatuette of Jonah, from a marble statue attributed to Raf- 
faele, is an exquisite work of art, which will repay exami- 
nation. The Tutbury horn, or tenure horn of the honor of 
Tutbury, in Staffordshire, is a plain horn, with a belt of 
black silk and silver mountings; at a junction in the belt isa 
silver shield with the arms of France and England quarterly, 
differenced by a label ermine, and impaling Ferrers Earl of Derby. 
The length of this horn is one foot, and it is in date early in the 
fifteenth century. Both these horns have been described in the 
Arehwologia. An oval dish in ivory, belonging to Mr. Beresford 
Hope, is most elaborately and minutely carved in many compart- 
menta with hunting subjects; also the ewer to stand upon it, in 
stag's horn, mounted and inlaid with ivory, is minutely carved in 
the same style as the dish; being a parently the work of an emi- 
nent artist of the school of poem e may mention, also, 
as a curiosity in this class, a tankard in ivory, richly mounted in 
silver, the property of the Earl of Derby. The subject of the 
carving is a Bacohanalian procession; the silver base and cover 
are of old English work of the last century, and at the top 
is the crest of Horace Walpole. There are in all 277 separate 
objects in carved ivory, which form this section of the exhibi- 
tion. 

Of “ Art Bronzes" (as they are termed) there are no fewer than 
399 specimens, mostly of statues and busta, and of Roman work- 
inanship. There are however, interspersed among these, some 
very elegant domestic and other articles, viz., a bronze aaltoellar, 
belonging to Mr. C. D. E. Fortnum; also a triangular sweatmeat- 
stand, or saltcellar, belonging to the same gentleman. It is 
in gilt bronze and silver; the lower part or stand formed by 
three sea-horses; the bowl formed by pecten shells in silver, and 
surmounted by a gilt statuette of Neptune. A bronze candle- 
stick, the stem of which consists of a statuette of Venus, holding 
up a vase or basket which forms the nozzle, and whose wide 
base is richly ornamented in relief with amorini, arabesques, &c., 
is an exquisite Italian work of the first half of the sixteenth cen- 
tury; the height is only 84 in. So also we would direct attention 
to a bronze knocker (460 in the catalogue), which forms a decora- 
tive composition of cornucopias and terminal figures, the latter 
jointly upholding a pedestal, on which (in the centre of the com- 
position) stands an elegantly draped female figure; in the lower 
portion is an eagle perched on a severed humau head. It is of 
Florentine (1) workmanship, the period being about 1520. There 
isa historic curiosity in the life-sized bust of Henry VII., as- 
cribed to Pietro Torregiano. This bronze is apparently a contem- 
porary reproduction pi Torregiano of the bust of the effigy from 
the tomb in Henry VII's Chapel at Westminster: its height 
is 2 ft. 4& in. The Rev. Montague Taylor sends, among other 
things, a maak (463) of a marine End (Scylla N, surrounded or 
composed, in a decorative sense, with dolphins, &c. Portions 
are plated or damascened with silver, and the eye-balls are formed 
by rubies. This rare specimen of Greco-Roman work was found 
at Pompeii. It appears to have been originally an appliqué orna- 
ment to a bronze vase. 
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Furniture, considering the wide range it embraces, appears to 
be rather feebly represented, both as regards numbers and the 
circumscribed nature of the designs; these being either for the 
most part Renaissance, or depending for effect upon surface and 
inlayings, usually of a highly florid description. Moreover, 
since no particular arrangement has been followed in their clasi- 
fication, the ditferent articles are deposited in various parta of the 
rooms, whence it is not easy to obtain a jast appreciation of their 
comparative merits; nor ia the catalogue, in this particular, of 
any signal service. Numerous large ebony cabinets will per- 
haps most attract the eye, and not undeservedly. Thus (802), 
the property of Mr. R. S. Holford, may be taken as a fair type 
of the majority: its dimensions are 7 ft. 3 in. in height, by 6ft. 
3 in. in width, and it dates about the first half of the seventeenth 
century. The panels are elaborately carved with scriptural sub- 
jects in bas-relief, and, by way of contrast, other portions are in 
full relief, such as scroll] ornaments, statuettes, &c. There is 
another kind of decoration observable in some of the cabinets, 
namely, by oil paintings in the panels. Of this kind the most 
notable specimen is (803) from the Penshurst collection. The 
front is inlaid with twenty-one small paintings in oil, by eminent 
Dutch masters (Berghem, Paul Brill, Polemberg, and Bonaven- 
tura Peters). Two small highly-finished landscapes, with cattle 
and pastoral figures, by Berghem, are conspicuous in the lower 
part. These paintings are highly finiahed, and as fresh as when 
first produced. The date of this cabinet is the seventeenth cen 
tury, and it has long been an heirloom in the Sidney family. 
Two knee-hole tables (811, 812) are quaintly conatructed. These 
are similar in age and design (circa 1700), and are made of old 
red boule, with drawers on the top, and mounted with ormola 
and silver. (825 and 826) are the property of the Duke of Ha- 
milton: the former is a cabinet or secretaire in marquetery, 
mounted in ormolu, the panel in the upper part contains an oval 
medallion in ormolu; subject, a trophy or group of doves, a 
quiver of arrows, garland of flowers, &c.; the lower panels, in 
marquetery, are ornamented with elegant arabesques, wreaths 
of natural flowers, &c.; the signature of the artist, “ Riesener fe, 
1790," is visible in the right-hand lower corner. The latter isa 
small square étagère or writing table, “ en suite" with the pre- 
vious piece; the top inlaid with a a vet ar books, natural 
flowers, à bow and arrows, quiver, &c., elaborately mounted in 
ormolu, with hanging festoons of flowers, &c. These specimens, 
with a third “en suite," now at Hamilton Palace, were executed 
for Queen Marie Antoinette; the marquetery, as indicated by 
the signature on the cabinet, is the work of the celebrated 
“ ébéniste" Riesener; whilst the ormolu mounta are believed to 
be by the equally famous “ ciseleur" Goutiére. 

Her Majesty the Queen exhibits (827) a circular-fronted secre- 
taire in marquetery, richly mounted in ormolu; at each end isa 
beautiful branched candelabrum in gilt metal, and at the summit 
a pierced gallery. The marquetery decoration consists of elabo- 
rate trophies of natural flowers, ks, and various emblems; 
both marquetery and chasing are of the utmoat possible excel- 
lence. This chef-d’ceuvre of French cabinet work is doubtless 
the work of Riesener, but of an earlier date than the preceding 
specimena. Its height is 3 ft. 10 in, and its width 4 ft 3 iu. 
Her Majesty also sends a pair of pese ake in marquetery and 
ormolu, surmounted by Griotte marble slaba, very beautiful 
specimens of the work of Riesener (1), executed probably towards 
the end of Louis XV. or beginning of Louis XVL’s s A 
third contribution, from the same source, is one of the well knowu 
attractions at Windsor Castle. This, too, is & cabinet, in ma- 
hogany, richly mounted in ormolu, supported on eight legs 
formed as quivers of arrows; at the summit an elaborate compo- 
sition in ormolu, of scroll work, amorini, &c., flanking a shield of 
arms This magnificeut cabinet, a masterpiece of the celebrated 
French “ ébéniste" and “cisileur’ Goutiére, was executed either 
for the Comte de Provence—afterwards Louis XVIIL, or the 
Comte d'Artois—Charles X.—cirea 1770-80. Probably one of 
the most perfect and brilliant specimens of old Sévres inlaid 
furniture ever executed is the cabinet belonging to Mr. Mills 
(835) It is mounted in ormolu, and inlaid with four large oval 
plaques of Sévres porcelain, which have green margins Its di- 
mensions are, height 3 ft. 11 in., width 2 ft. 8 in. The two large 
panels in front are exquisitely painted with “ corbeilles” of 
flowers. We must not omit reference however to the nuptial casket 
of old Japan lac, inlaid with mother-of-pearl, cire topped, 
which belonged to Margaret, Duchess of Norfolk, daughter and 
heir of Thomas, Lord Audley of Waldew, and who was tie 
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second wife of Thomas Howard, 4th Duke of Norfolk, beheaded 
by order of Henry VIIL, 1572. The date of her marriage has 
not been ascertained. This beautiful coffer doubtless contained 
some of the most precious portions of her trousseau. The present 
fortunate possessor is Mr. Philip H. Howard, of Corby. 

The * objects of ancient Irish and Anglo-Saxon art,” which 
eompose Section 5, are very numerous; articles of dress, such as 
brooches, fibulæ, and armleta, being especially frequent. Thus, 
in Irish work (855) a circular torque, or hreast ornament of gold, 
is the largest known. It is formed of four flanges of metal 
united along their inner edges and then twisted; the ends solid, 
recurved so as to form hooks; one of these prolonged for 104 
inches in length into a projecting bar. It was found (1810) at 
Tara, co. Westmeath, and now belongs to the Royal Irish 
Academy, (869) is a very curious relic, in the possession of the 
College of Columba; a portion of a bronze ornament, heart- 
shaped, and formed of a double volute, enamelled, and inlaid 
with vitreous mosaics; with three sockets for busses, one 
retaining a portion of blue glass. The back is rudely lined 
with interlaced ornament, in which cecurs the emblem of the 
fish. It is of ancient Celtic work, tenth or eleventh century 
in date, perhaps a portion of ornament from a shrine, and 
is figured in the article on “ Vitreous Art,” by A. W. Franks, 
MLA., in the “ Art Treasures of the United Kingdom.” The 
“ Tara” brooch (874) will aleo be examined with interest. It is 
of white bronze, annular, the expanded portion occupying nearly 
half the diameter; the depressed parts overlaid wid plaques of 
gold, to which is soldered gold interlaced filigree of great delicacy 
and elegance. Bosses and lines of brown amber and small por- 
tions oF placa and lapis lazuli (?) are set in the projecting parts. 
To one side is attached a piece of silver chain similar in design to 
that made at Trichinopoli; the wedge-sha head of the pin is 
similarly ornamented with filigree, &c. It is Irish work of the 
twelfth century; its diameter, 4 in., and the length of pin, 9 in. 
(892) is a bronze fibula, formed of a central arched band of metal, 
with expanded ends, overlaid with thin bronze of a somewhat 
different alloy; the plaques covering the expanded ends are 
rivetted on and hammered up into a very peculiar scroll orna- 
ment; the covering metal of the central arch is soldered on and 
repoussé in an interlaced braided pattern. The back is minutely 
punctured round tbe edges, and shows traces of silvering. The 
pin and ite AIDE loop are complete. This remarkable fibula 
may probably be of very early date; it certainly seems of Irish 
work. It belongs, as do many of the most valuable in this 
department, to the Royal Irish Academy, Three pastoral staves 
(895, 896, 897) display some peculiarities in their design as com- 
pared with those of English or more foreigu work. The former 
of these is of yew, overlaid with bronze rivetted on, and having 
the surface covered with interlaced ornament iu repousse. There 
are also indications of enrichments of bands, and rows of studs 
which appear to have been of coral and of glass respectively. In 
the next, “the Clonmacnoise crosier,” the staff is also overlaid 
with bronze; the curved head inlaid with silver, and nielloed in 
an interlaced pattern; surmonnted by a row of grotesque animals, 
carved in bronze, joined together; a portion of these only remains; 
the end of the crook has the figure of a bishop treading on a 
dragon; a projecting band of ornament below the head is formed 
of grotesque monsters with feet and tails interlaced, as is frequent 
in ancient Irish work, and set with studs of blue glass; a pro- 
jecting band of ornament, inlaid with silver and nielloed, sur- 
rounds the centre, and another band, with inserted plaques of 
interlaced ornaments, and with sockets for studs of glass (7) sur- 
rounds the staff above the spike at ita base. In the third staff 
the head is partly gilt, and set with bosses of glass or vitreous 
mosaic, sus surmounted by a lacertine openwork ornament, 
terminating in à monster's Tsd, with blue glass eyes. A pro- 
jection of ornament surrounds the centre; the lower portion of 
the ataff nielloed and inlaid with silver, as is also the ornament 
finishing. Itappears from Mesi prions on it, to have been made 
for Nial Mac Mic Deducain, Bishop of Lismore, who died 1112- 
1113. Besides the ornaments in niello, there is & lavish use of 
damascening and enamels. It has been supposed that these 
latter were fabricated by putting sundry small sticks of glass 
together in a pattern, then Penting them and drawing them out 
until they became much more slender. In this state the roll of 
glass was cut into slices, which was afterwards fluxed into the 
metal settings made to receive them. 

The Shrine of St. Manchan, or St. Monaghan, is a coffer of yew, 
the sides aloping together from the base upwards to a steep roof- 
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like ridge; mounted in gilt brass or bronze; standing on four 
legs, from three of these project strong brass rings, 3 in. diameter,. 
through which staves to carry the shrine might have been 
; the fourth ring is wanting. On each of the slopi 
wooden sides is rivetted a bronze ornament in form of a Gree 
cross, 19} in. by 183 in., with hoHow hemispherical bosses at the 
ends of the limbs, 3$ in. diameter, engraved with interlaced 
patterns; a similar large boss in the centre of each cross seems 
to have been ornamented with silver-gilt repousse plaques, one 
of which, showing a leaf ornament, remains, Beneath the limbs 
of one of the sides of the crosses are rivetted ten bronze figures of 
saints, gradually diminishing in size from 64 in.to 5 in. The 
angles are bound with brass, supported by grotesque animal 
heads, with eyes formed of dark enamel or glass, four of which, 
and fragments of others, remain. Along the base of the shrine 
the interspaces are filled with oblong pieces of enamel, 14 in. 
long by 8 in.; deep yellow and red in angular patterns; four 
pieces of similar enamel ornament the limbs of each of the crosses. 
The wood of the coffer is now uncovered over all the remaining 
surface of each side. The triangular ends are filled with brass 
plaques, chiseled with interlaced lacertine patterns in relief; 
framed in an edging 1 in. wide of engraved brass. This very re- 
markable monument of ancient Irish art appears to belong to 
the same period, and perhaps to the same workshop, as the 
“Cross of Cong,” now in the Museum of the Royal Irish Aca- 
demy, and of which full-sized coloured drawings are exhibited 
near the shrine; it was in all probability made in the beginnin 
of the twelfth century. The remaining specimens of Irish wot 
consist of a reliquary, in the form of a hand and fore-arm (898); 
two “shrines,” of the Gospels and Psalter respectively; “ the 
Dunvegan cup," a cup or “mether” of yew, quaintly devised as 
to its pattern, and having an inscription in black letter round 
its rim; and within, on each side, the sacred monogram I H S; 
and a *drinking horn," called the horn of Rory More, which is 
apparently old Irish work of the ninth or tenth century, and is 
mounted with a rim of silver 2 in. dep, engraved with inter- 
laced patterns, and with circles filled up by grotesque monsters. 
The metal-work of the Anglo-Saxon period, as here illustrated, 
is very similar to the Tan, jut described, the majority of the 
spodina being contributed by the Ashmolean Museum. Of 
these, (907) is a circular brooch of bronze, overlaid with silver at 
the back; the front has been elaborately ornamented with gold 
filigree and garnets (7); the pattern is formed by a circle of orna- 
ment round a central boss, united by the limbs of a Greek cross 
to another circle of ornament at the circumference. The inter- 
stices occupied by plates of gold enriched with entwined filigree, 
and with bosses that appear to have been set with freshwater 
pns or pearl matrix, the surface of which has decayed, the 
y remaining, but considerably altered in texture; the re- 
mainder of the brooch is covered with a diaper forming sockets 
for small pieces of garnet (7), the edge is grooved and gilt. It 
was found at Abington: the diameter is 3in. Another brooch 
of Anglo-Saxon work, from the same collection, is of bronze 
silvered; the face nielloed and gilt, and ornamented with inter- 
laced pattern in repousse, set with four pieces of garnet (?) over 
foil, and with four sockets for white enamel, portions of which 
remain; the centre ornament is wanting. (915) is an extraordi- 
nary relic, lent by the Warwick Museum, and may be described 
as a crystal of quartz, flattened, somewhat pentagonal, and per- 
forated in the centre, the girdle or circumference shaped into ten 
triangular facets, the angles now much worn. This crystal, 
which resembles a smaller one in the Museum of the Society of 
Antiquaries, might have been conjectured to have formed a por- 
tion of the decoration of a cross, shrine, or other object of ecclesi- 
astical use; but it was found in association with an Anglo-Saxon 
fibula; it may therefore have been worn as an amulet suspended 
from the acus of the fibula, as appears occasionally to have been 
the case with similar objects. The last in this class to be especi- 
ally noticed, is a circular bowl of thin reddish yellow bronze, 
hammered up, with a circular elevation or boss in the base, 
and a flat fold of metal with a deep groove round the edge, 
probably to hold a metal band or other means of suspension; the 
surface oveMaid with applique ornaments made of thin plates of 
bronze, tinned or silvered, arranged in four divisions, each sepa- 
rated by a narrow band, and finished by a circular ornament, to 
which are attached on each side an axe-shaped piece. The in- 
tervals are occupied by rude representations of deer, of cocks 
fighting, of other birds, and of fishes (7). The surfaces of all 
these applied ornaments have been grooved in narrow lines 
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with various patterns, some interlaced, apparently to receive 
enamel, a few traces of which, of an orange-red pa fi seem to 
remain. The four circular plates of ornament exhibit the triple 
character of pattern frequent on early Celtic work. Beneath the 
bow], in a circular hollow produced by the hammering up of the 
boss before alluded to, have been pieces of similar applied 
and engraved ornament, two of which remain. It is probably 
d early Saxon work, and was found near Lullingstone Castle, 
ent, 


(To be continued. ) 
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THE RECENT GUNNERY EXPERIMENTS AT 
SHOEBURYNESS. 


WE give elsewhere* a paper read by Mr. Aston at the meeting 
of the British Association, at Cambridge, on the Whitworth guns 
and projectiles, and their capabilitiea for attacking armour-plated 
defences, The experiments at Shoeburynesa, on the 13th and 
14th of last month, have fully borne out Mr. Aston’s statements 
regarding the powers of the penetration shells, and thus fairly 
established the superiority of attack over defence. 

The target prepared for the occasion was a box-target, the front 
of which resembled in some respects the original “ Warrior" target, 
but exceeded it in strength, two out of the three iron plates which 
covered it being 5 inches thick, while the remaining one (one of 
the old * Warrior" plates) was 44 inches. The asking was 
18 inches of teak as before, and the inner skin of g inch iron. 
The whole of the iron was of excellent quality. Against this 
target the Whitworth 120-pounder was laid at a range of 
800 yards. Two shells, each weighing 150 Ib. including a burst- 
ing charge of 5 lb. of powder, were fired in succession, with 25 lb. 
gun charges. The first struck the centre plate of the t 
(5 inches thick), and penetrated it, exploding in the backing. The 
teak was torn into shreds, and the inner skin burst open. Some 
fragments of the shell went through into the box representing 
the ship's deck. The second shell struck the top plate (4 inches 
thick), and penetrated and exploded as the first, but the explosion 
oceurred when deeper in the backing, and with more destructive 
results. Splinters from the shell and plate were scattered with 
violence inside the box, and the teak backing was ignited. The 
velocity of impact was 1220 feet per second. 

A 130 lb. shell, with a bursting charge of 3$ lb. and a gun 
charge of 27 1b., struck the target with a velocity of 1280 feet per 
second. It penetrated a &-inch plate, and burst either deep in the 
backing, or else when right through; the hole in the inner skin 
being twice the diameter of the shell, of which the base as well 
as splinters, with fragments of the outer plate, the wood, and the 
inner skin, were found within the box. 

The material of the shell was in each case homogeneous iron, 
such as is employed for all the Whitworth penetration projectiles. 
To show the inferiority of cast-iron when employed against armour 
plates, a solid 130 Ib. projectile of this material was fired with a 
charge of 27 lb., striking the target with a velocity of 1260 feet 
per second. Although a lower velocity had sufficed for pene- 
tration in the previous cases, the cast-iron projectile failed to 
pierce the plate, and broke to pieces. 

A solid 130 [b. projectile of homogeneous metal, fired with a 
charge of 25 lb., struck the target on one of the &inch plates with 
a velocity of 1240 feet per second. The penetration through the 
plate, backing, and inner skin, was complete. The head and 
fore part of the shot was found inside the box, the rear part 
having been torn away in the passage through. 

The Whitworth 70 pounder (so successful in its last practice 
against the plated target at 200 yards) was now laid against this 
more formidable target, at a range of 600 yards, with a gun 
charge of 13 lb.: the 70 Ib. shell struck the 43 in. plate at 1160 ft. 
per second, and penetrated, but does not appear to have reached 
any depth in the backing when it burst, The shells which 
struck the 5-inch plated portion of the target failed to penetrate. 
For the 70 lb. shell a considerably higher velocity of impact is 
apparently necessary to secure equal penetration with the 130 Ib. 
projectiles. 

nring the second day's experiments a result was obtained 
couclusively showing that the flatfronted projectile will not 
glance off the side of a plated-vessel, even when the impact is 


* Bee page 896. 
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very oblique. The Whitworth 12-pounder sent two shells of 
homogeneous metal through a target of 24-inch iron plate, inclin- 
ing backwards at an angle of forty-five de The range was 
one hundred yards, and the gun charge ià t. 

It will be observed that the shell, being made to the fall as 
heavy as the solid projectiles of the same calibre, strike with the 
same velocity of impact, and possess, as blind projectiles, a power 
of penetration little, if at at all, inferior. The depth of penetra- 
tion before explosion takes place depends partly on the velocity of 
impact (regulated by the gun charge) and partly by the thickness 
of the flannel case in which the bursting charge is paier ie 
The breach seems usually to be clean cut on the outer face of the 
armour plate, torn on the inner face, shattered in the teak, and 
smashed or jagged in the inner skin. It may be added that the 
flat-fronted projectile is. capable of piering a ship's hull, o- 
damaging the rudder or screw at some depth below the water 
line. 
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ON THE VOLUNTARY ARCHITECTURAL 
EXAMINATIONS.* 


By ARTHUR ASHPITEL. 


AxoNo those institntions which have gradually developed 

themselves during a few past years, and which seem likely to 
exercise a great and lasting effect on the future, the establish- 
ment of professional examinations is certainly not the least. In 
all countries the pursuit of the liberal arts and sciences has had 
the most beneficial influence on civilised life; and anything that 
may tend to elevate the character of professional men in the eyes 
of the world, and to give them a better status among their fellows, 
must conduce to promote a higher and more intellectual tone to 
society at large. ving taken a deep interest in the question, 
and having been one of those who were intrusted by the Institute 
to take preliminary steps to endeavour to insure to our own the 
benefits which we believe other professions have received, I 
venture to trouble you with a few remarks that have suggested 
themselves in the course of our inquiries; although, to treat of so 
important a subject as this in the manner it would deserve, 
would require a longer time and greater ability than I have to 
devote to it. 
* For many years, as you are all aware, an inquiry into the 
mental training and amount of information any one might 
possess, was confined to those about to enter the church or the 
medical profession. The important functions of both seemed 
obviously to demand that there ahould be a searching examina- 
tion as to the competency of any candidates before undertaking 
their responsibilities; but it was not so with other professions. 
The lawyers however were the first to establish a change. For 
merly, they who had managed to get “ articled," as it was called, 
and had a hundred pounds to pay to the stamp office, were ad- 
mitted to practice as attorneys or solicitors without inquiry. 
The consequence was, many men endued with some cunning and 
very little legal knowledge, crept iuto the profession; and, what 
was worse, the pretended practice of the law was frequently 
mere cloak for money-lending and all sorts of disreputable em- 
ployments. Feeling this very etrongly, the chief respectable 
solicitors united together in forming an institution to Aei 
into the fitness, both in point of a liberal as well as of legal 
education, of the several candidates before they were permitted 
to enter on the practice of the law. It is scarce twenty years 
since this institution came into active use; and since that time, 
I have been informed by old members of the profession, its 
character, as a body, has been raised to a degree beyond their 
most sanguine expectations. The cunning, vulgar, ignorant, 
pettifogging attorney, so frequent a character in the old novels 
and comedies, is aimost extinct; and in their place we have, with 
very few exceptions, able and well-educated gentlemen,—men of 
whom society is proud, instead of ashamed. 

The next movement to insure a proper education and compe 
tent ability among their members was made by the chemists 
Here, as in our own body, any man might assume the title, 
enter into practice at his mere will. The lawyers had alws 
the semblance of an education, though it often consisted of 
mere farce of “giving articles,” but any man might write up 
“ chemist,” aud compound the most complex medicines, or sell the 
strongest poisons, without question or challenge. So many evils 
iu a ee KÓ CS, iind 
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arose out of this system, that the respectable chemists in a body 
applied to the legislature for powers analagous to those already 
given to the lawyers. They however were met by a loud oppo- 
sition, and it was asked what a chemist was, and where his func- 
tions began and those of the drug-dealer ended; and it was said 
it would be sadly interfering with the liberty of the subject ifa 
man might not sell an ounce of salta, or a penny worth of rhubarb, 
without an examinnatiou. It was also stated that, in country - 
paces in particular, the mere practice of scientific chemistry was 
ut a very small part of a man’s business; and just as many a 
lite country builder calls himself “architect and surveyor,” 
they demanded the right to assume at their own will the title of 
chemist, The respectable men replied, this might be true, but 
they had no right at any rate to pass themselves off on the public 
as scientific chemists, if they were not so; and at last the legisla- 
ture gave them powers of incorporation, and of examining candi- 
dates as to their competency, and the sole right to use the title 
of “pharmaceutical chemist,” us a distinctive mark of a proper 
scientific education. Something of thia kind has been proposed 
with regard to the architects, and, with certaiu modifications, 
might perhaps be made to work well; but as the general wish 
seems at present to be to leave everything possible to voluntary 
Action, and in no way to fetter the profesaion, I think it well to 
pass by all such questions for some future time. It seems to be wise 
to do nothing further till the results of our proposed experiments 
shall have full and fair opportunities to develop themselves. 

The greatest step however to establish an enlarged system of 
examination took place in consequence of the Crimean war. The 
hardships and sufferings arising from the blunders and incompe- 
tencies which were charged against the Government officials— 
although these may have beeu exaggerated, and although too 
little allowance may have been made for the change from near 
forty years’ peace to a sudden and tremendous war— still the 
attention of the public was forcibly called to the necessity of 
some change. Our public service was stigmatised as a circum- 
locution otfice; red tape became a popular bye-word; and it was 
Stated again and again that political influence, and that alone, 
was the qualification asked for in all our Government offices. It 
is beside our purpose to inquire as to the correctness of these 
charges; it is sufficient to say that the comprehensive scheme of 
an examination into the qualifications of every caudidate for 
Government service, whether civil or otherwise, was immediatel 
established. It has now existed seven years; and I am informed, 
on the authority of the most competent judges, that the improve- 
menta in every brauch have been greater thau was ever antici- 
pated. Since this the system has been extended in every direc- 
tion, and almost to every intellectual pursuit. 

Of course, there has been a very great opposition to these 
changes, the chief of which have been summed up in the third 
Report of the Commissioners of the Civil Service. One was the 
very old and hackneyed objection to all sort of advancement, that 
the course intended to be pursued would “make men above their 
business" Now, this is certainly an argument of some force as 
to charitable education, where the ultimate business of those 
taught will be to dig or to plough, and no nore; but in Govern- 
ment employ, and especially where the men were stated to be 
much below the level of their every-day business, it was surely a 

oor argument to say “do not raise them atall.” In ourown case 

owever, this notion would plainly be worthless, most of our best 
architects having been the best educated men of their day, and 
our profession certainly inferior to no art, as it mingles at once 
the practical, the scientific, and the beautiful. 

The arguments then took rather the form of opposition to ex- 
amination of individuals as a special matter, than to that of 
education in the abstract; and three principal objections were 
raised;—First, that examinations in general became too scho- 
Jastic; that they involved, necessarily, a system of reading, a 
routine of class ok and, in common phrase, induced a system 
of “cramming.” The second was, that the result of examination 
proved but little as to the real solid knowledge a candidate 
might 28s, inasmuch as it might so happen the questions 
before in were such as he might chance to have picked up, 
while very ignorant of all the other branches of the snbjeot. 
The third, and, as regarded the civil service, perhaps really the 
yuost valid, was that no examination would develope or prove 
that the candidate possessed the best and. chiefest qualifications 
of all, namely—integrity, industry, activity, foresight, presence 
of mind, and a number of other qualities of similar character 
of the highest importance in confidential positions. 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL 


373 


The first objection had much weight in the case of the civil 
service, but I should hope in oura it must fall to the ground. 
I would ask any one to look at the sketch form of voluntary ex- 
amination, just circulated, and say whether it is not of such wide 
aud comprehensive character, and so thoroughly practical in ita 
essential details, that no amount of mere book work, no amount 
of “cram,” would satisfy the examiners that the candidate had a 
right to a place in the class of proficiency as an architect, 

To the second objection I hope there is quite as good an an- 
swer. Let enough questions be given, more in number than you 
expect or require any candidate to have time to anawer,—but, of 
course, let this be well understood, else he will feel deterred 
by the length and weight of the paper; give opportunity for 
selection, and let it be known the examiners do not wish the 
greatest possible quantity of work to be hurried through;—a few 
questions thoroughly well answered will weigh more with the jadi- 
cious than five times as much of slovenly work. On this point I 
shall venture tolenlarge, with your permission, a little further on. 

The third point urged against the civil service, —that exami- 
nations will prove nothing as to integrity or other moral quali- 
ties of candidates, —does not, of course, apply in this case; but it 
might very well be put in another form, and men might say no 
examination will give genius, fancy, invention, or artistic talent. 
This in the abstract is granted; the mens divinior is certain] 
a gift; but, constituted as we propose our examination to be, if it 
does not give men elegant faculties, it most clearly will afford a 
means of developing them and exhibiting them to the world. We 
do not propose to teach you to draw, to carve, to design, to de- 
vise, but we do propose to give you an opportunity of slowing 
what you have done, and can do in all the more elegant branches 
of our art, Itis hoped the various powera of all minds may be 
developed iu all their gradations, whether purely artistic, whe- 
ther strictly utilitarian, or whether of that happy mixture of 
both that is really the glory of our profession; H not only ao, 
but that it will elicit the uits of the wise watchfulness which 
you may have exercised during your novitiate; and, what ia 
much the same, the care you have taken to store up in your 
minds all that may be valuable in your future career. We 
hope, whatever your speciality of talent may be, to offer you a 
wide, a fair field for ita exertion and display. 

And here it may be convenient to consider in what way our 

roposed examination may differ from others. In the first place, 
it is not like a collegiate examination—the great termination of 
a long series of studies, the harvest of seed sown some time 
back, and long and carefully cultivated. It is not an honoured 
end and rest from labours; neither is it the entrance into life, 
like that of the lawyer, or medical man,—the opened gate through 
which he is to pass, aud then to encounter his first struggles in 
the world. In the language of the schoolmen, it is neither a 
terminus ad quem, nor a terminus a It is not an individual 
struggle for victory—the battle for the olive crown; nor such 
a struggle as those are for scholarships or high appointments, 
where there can be but one, or very few victors, and where the 
unsuccessful feel in the position of the vanquished. It may 
rather be likened to those military displays, where, after long 
training and active practive, the younger members march out 
confidently, hoping to prove they are soldiers of such proficiency 
as to be fit to act with veterans in the field, and trusting in time 
of need to be equal to do their duty ably to their country. 

A very able writer in one of our professional journals haa like- 
wiee shown the difference between the system of rewards now 
generally otfered to studenta, such as the Soane medallion, orany 
other similar mark of distinction, and the present propcaed 
system. These rewards have been of three sorte—for the best 
essay, the best design, and the best measured drawing from an 
existing building. I wili leave out of the question any chance of 
improper assistance when work is done at home, nor will I touch 
on the help obtained from books, or hints from friends; but it 
must be obvious to all, as the writer says, that the best drawings 
may not be the production of the best draughtaman, but of him 
who has the most leisure to bestow on their production; and 
that the excellence of measured avis depend also, not only 
on leisure, but in the money there may to pay for assistance, 
scaffolding, travelling expenses, and a host of other thinga which 
attach themselves to such undertakings. 

It has been said, the reason why the English make such excel- 
lent medical men is, they begin practically; they “walk the 
hospitals,” as it is called, on their first entrance into the profes- 
sion; they act as dressers, in subordinate practical capacities; and 

- 82 


374 


receive the instruction of the lower, before they attend the lec- 
tures of the higher professors. Abroad, the scholastic education 
comes first, and many a man who has considerable theore- 
tical medical knowledge would be quite at a loss by the bed- 
side of the sick, while the man accustomed to practice from early 
life sees the state of things at a glance, and acts promptly and 
successfully. There is no doubt the active daily duties of the 
office are indispensable to the young architect, and it is in them, 
if he keeps his attention properly on his work, that he will find 
he has unconsciously gathered material to niaster the most im- 
portant part of the examination we propose to offer. But it is 
equally true that these very circumstances operate against his 
chances of obtaining the distinction of medals, and other similar 
rewards, and it is very probable, as has been suggested by the 
writer above quoted, that this is the true reason why such rewards 
are so little sought, and of course often so little valued. 

We all know how often it happens that rising men wish to 
enter the offices of their seniors, with the hope to work their way 
up to independent practice. Of how little use is the produc- 
tiou of a medal, or a portfolio containing designs for some un- 
likely or perhaps impossible marine hotel, or gigantic cathedral. 
Of how little value in the eyes of the man of business is the medal 
for the essay, which, in general, is simply a well expressed 
account of something other men have executed. It may be 
valuable in its way, as every literary tentamen is; but it may 
have taken months to write, and of what value is it in the 
active practice of the profession? Let us however ask, which 
would be the better teatimonial—the exhibition of any such 
solitary mark of distinction, however respectable, or the pro- 
duction of a set of full, fair, and comprehensive papers on every 
branch of the art, such as it is hoped will be laid before you, 
and the simple assurance that you have been fairly tried and 
found to be proficient therein, and that wholly unassisted and 
on the spur of the instant? 

And now it may be asked, what should an examination be? It 
should be ful, that is to say, such a one as shall be amply suti- 
cient to show the proper status of the candidate. Any examina- 
tion which may be too easy degenerates into a grave farce. No 
one would care for such a distinction as any idle or weak-minded 
creature might attain. No: the examination should be such that 
in after life tbe successful candidate should be able to refer back 
to his paper of questious with pleasure, and exhibit them as such 
as in his days it was his pride to answer. But here comes the 
difficulty, the questions must not only be fuil, but fair; they must 
be proper and pertinent. Nothing is easier than to set questions 
that scarce anyone can answer. Nothing is easier, with a little 
perverted ingenuity, than to set questions of no great difficulty 
perhaps in themselves, but worded so as to mislead or puzzle & 
candidate. In competitive examinations, or those wherein a 
certain prize is to be conferred on the best man, and on one alone, 
it is not unusual for examiners, by way of shortening their work, 
to set what are called “catch questions;" but nothing can be 
more unfair or improper in au examination like this which is pro- 
posed. It is a system of finding out the weak points, instead of 
developing the strong—of hunting out faults instead of exhibiting 
excellencies—and, as a matter of course, depressing the general 
body of the rising men, instead of encouraging it. 

These considerations led us to another and very important 
point—that no examinations should be vivd voce, but every answer 
should be put on paper. Tt also led to the adoption of what to 
some may appear a complex system of nnmbers and changes by 
the moderators, which is by no means ao difficult as at first sight 
appears, but which insures the judgment of all answers by their 
merits alone, as the examiners hive no chance of knowing in any 
way the name of the person on whose papers they aro about to 
pronounce an opinion. It is the matter alone, and not the indi- 
vidual, that is judged, and in this respect at least the utmost fair- 
ness is in all human probability insured. 

The system of vied voce examination is abandoned now by 
almost all learned bodies. Many examiners, however. cling to it, 
as it shortens their labours ro much; they consider they see in so 
little a time who are the competent men, and who are not; but 
they do not allow for that modest timidity many men can never 
divest themselves of, and they often attribute hesitation not to 
dittidence, but to ignorance; while, on the other hand, men who 
possess but a smattering of knowledge, and have readiness and 
assurance, wil] blunder through when far better men will fail. 
There is also this complaint on tlie part of those who not able to 
satisfy the examiners, and that is always a charge of unfair ques- 
tions, of bullying, of misleading, of browbrating, of wishing to 
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reject a candidate to the advantage of some favourite; in ahort, 
it is impossible to find any one who has been rejected under a 
vivd voce examination who does not attribute his being “ plucked" 
to the bad feeling and unfair conduct of the examiners, rather 
than to his own deficiencies; and this not from a desire to pervert 
the truth, but simply from the pain and confusion which the 
candidate naturally gets into when on the point of what is called 
* breaking down." e hope we have reported such a course to 
the Institute that there can be no question that the proposed 
examinations shall be fair, —unquestionably fair in all respects. 

I would now venture to call your attention to the form of 
examination itself. The first remark that we have heard ir, that 
it is too diffienlt—in University language, “too stiff a paper." 
This has been intentionally done, as the object is to show the 
standard we hope the rising men of the profession may come to 
in a few years’ time, and not that at which we shall begin. And 
we think we have a good reason for this. Examinations are all 
contests for which the mind must be traiued. It is much the 
same as with bodily contests. The fleetest foot that ever ran on 
the Olympic stadium, if out of practice, wouldjbe easily beaten 
by a slower runner; the strongest wrestler in the palsestra, if out 
of training, would easily be thrown hy a weaker man in full 
practice. Knowledge, especially such as is of the most value to 
the architect, is of slow growth, and comes as much from obser- 
vation as from reading. Now, it is clear the study and experience 
of three years must be infinitely greater than those of one year 
only. We thought it would be equal justice therefore to those 
who come up at even less than a year's notice, to set the standard 
lower than we think ought to be done three years’ hence; and 
we believe that those who pass now will in future be considered 
to be on an equality with those who have answered much wore 
difficult questions at that period. 

Another objection has been that the questions are too numerous 
to be answered in the time allotted. This has been purposely 
done for the reasons above stated, that the chance of failing on 
those pointa to which alone the candidate has not happened to 
have given his attention, isso lessened that it can hardly be taken 
into account. Of course the examiners will carefully consider 
how many questions ought fairly to be answered, and 1f, say one- 
half is the number, the marks should be so allotted that one-half 
should enable the candidate to get his full complement of marks. 

Questions have also been asked as to the class of reading to be 
recommended. This must be left very much to the tone of each 
candidate's own mind. It has been thought better, especially in 
sv short a time, not to limit the range to certain books, a rourse 
which 80 often leads to a system of cramming. But there is one 
point I would venture to remark on: :t is a common error for 
candidates, when the examination draws near, to confine their 
attention to the more advanced branches of the various subjects, 
and thereby probably finding themselves deficient in the ground- 
work. Now, every examiner naturally looks to see whether à 
good foundation has been laid, and considers work based on sound 
elementary principles of much more value than more showy aud 
attractive matter, which may be got up by cramming, aud is 
easily forgutten. I would therefore recommend, that shortly 
before the examination every candidate should go carefully 
through the elements of any branch of scieuce, and see thst 
they are properly ranged in his miud. This course will afford a 
coufidence and facility in examination no other method will give. 

There is no disguising one fact. The general tone of society has 
been much raised within less than halfa century, and has become 
more refined and more intellectual. That which is now considered 
on all hands to be so indispensable to every gentleman, and 
generally designated “ the education of a gentleman,” would have 
been called “ pedantic stuff.” It was gentlemanly then to drink 
three bottles of strong wine after dinner, or to call out your best 
friend for a hasty word, andjshoot him dead the next morning. In 
their softer moods, the gentlemen of George the Fourth’s day 
devised patterns for waistcoate, cut collars for coats, and invented 
marvellous curls for the hair and whiskers; while every leisure 
hour of both ladies and gentlemen was devoted to cards or worse 
forms of gambling. Things have changed very much since that 
time; and yet gentler manners, and more intellectual pursuits, 
have not brought with them luxury or effeminacy. Although far 
more temperate in living, and more simple and natural in dress, 
nothing of true British spirit has decayed. They who rode at 
Balaclava, or who crashed. out the horrible Indian mutiny, were 
as heroic men as any age could boast of: and under our own 
immediate notice is now as noble and patriotic n movement as 
ever was at Sparta or Athens, In a quiet and unostentatious way, 
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men have joined together heart and hand for the defence of their 
own hearths and altare, and have spontaneously taken on them- 
selves the fatigue and toils of military life,in such à manner as 
to convince the world the spirit of the British nation is as great 
and as manly as ever. 

Bat there is also no disguising the fact that, in spite of the 
exertions ofthe various architectural bodies, the professors of that 
science do not seem to be recognised in society as they ought to 
be. At any rate, the word architect is not the password here 
it is abro. Why this may be we will not stop to inquire; nor 
will we repine if it be so. One thing weare quite sure of, ifthe 
whole body assume and deserve a bigher status in society, they 
certainly will find themselves in an advanced poaition cre long. 

This is one of the great advantages the aystem of examination 
offers. It not only must be valuable in a professional point of 
view, but it must be of the greatest use in showing to other pro- 
feasions and to the world in general, that the architect has 
received the education of a gentleman. Let every rising man 
then who has the love fur his art, and respect for his profession, 
assist in our endeavours to elevate both in the eyes of the public. 
A standard is offered by which you may judge your powers. 
Without some trial or some means of comparison, who is to judge 
their own stature? If at present you fall short of such height it 
is no more blame to you than if you are hut five feet ten instead of 
aix feet; but there is this difference, although after a certain time 
the bodily stature will not increase by proper cultivation, that of 
the mind always will do so, aud it must be very hard if he who 
falla short of the standard, after having had only a few month's 
notice, will not reach it after the experience of another full 
twelve months has been added to it. 

And now we should be ungrateful to the members of the 
Architectural Association if we did not acknowledge their sup- 
port in this attempt. On them will fall a great share of the 
labour,—on them will devolve the task of showing, as a body, the 
rising architects are men who do not shrink from that mental toil, 
that intellectual training and tuition, that all other professions 
undergo. They have given (it may, as it ought to, have been) & 
cautious support, but stillit has been most genuine and unselfish. 
The fruit of all our labours, if fruit there be, must be expected to 
show itself slowly; but it is my earnest hope that I may be spared 
to seeit, and on some future occasions within these walls to talk 
over the old tales, to narrate our former labours, and to congra- 
tulate the members on the success of the united efforts of the 
Institute and of the Architectural Association. 

a < 


INSTITUTION OF CIVIL ENGINEERS. 
Jous R. M‘Creaw, Esq, Vice-President, in the Chair. 

November 11, 1862.—Before commencing the business of the 
evening, on this the first meeting of the Session, and in the 
absence ofthe President, the chairman said it was his duty to 
notice the loss the institution had sustained by the death, during 
the recess, of two of its most eminent members, Mr. Jobn Ed- 
wnrd Errington, Vice-President, and Mr. James Walker, Past 
President. 

For upwards of thirty years, and indeed ever since the intro- 
duction of the railway system, Mr. Errington occupied a promi- 
nent position asan engineer, and, in conjunction with Mr. Locke, 
executed some of the principal railway works in Great Britain. 
He was, like his partner, Mr. Locke, a strong advocate for 
economy in the first cost of construction. By his death the pro- 
fesaion had lost one of its most distinguished members, the In- 
stitution one of its warmest supporters, and many of us a sincere 
friend, and one ever ready to afford advice, especially to his nu- 
merous pupils and assistants, whose interests it was fis constant 
endeavour to advance. As many of his pupils were actively 
engaged in the practice of the profession, and had, through his 
influence, been enabled already to take De positions, the 
chairman expressed the hope that they would feel it a duty, no 
less than a pleasure, incumbent upon them, to communicate plans 
and descriptions of the works of their eminent masters, and so 
keep alive the memory of “ Locke and Min m ” in the Institu- 
tion of Civil Engineers. Mr. Errington had proved his attach- 
ment to the Institution, and his desire to see it prosper, by 
bequeathing to it the sum of £1000, free of legacy duty, and 
without attaching any condition whatever to the gift. 

Mr. Walker was one of the oldest members of the profession, 
having been in active practice as an engineer for upwards of 
sixty years, He was also one of tbe earliest members of the 
Institution, having joined it in the year 1823, and, after the 
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death of Mr. Telford, became its President. For a period of 
eleven years, during which he so ably conducted ita pro- 
ceedings in that capacity, he was most devoted to its interests, 
and to his zeal and energy must be greatly attributed the 
eminent position it held on his retiring from the chair in 
1845. Mr. Walkers name was aene with many of the 
reatest hydraulic works in England aud Scotland, including 
ighthouses, harbours, bridges, embankments, and drainage. 
His opinion was much valued by the Elder Brethren of the 
Trinity House, by the Lords of the Admiralty, and by the 
Corporation of the City of of Loudon, and it must not be for- 
gotten, especially at the present. moment, that twenty years ago 
he laid down lines for embanking each side of the river Thames, 
which have never been improved. As the chairman had bad the 
privilege of being in Mr. Walkersemployment for many years prior 
to 1844, he had an opportunity of knowing his worth, and inust. 
express hia gratitude for many acts ot kindnees, and state that it 
was Mr. Walker's constant endeavour to promote the interests of 
himself and others. Many members of the profession had also 
been trained in the same schools, including Burges, Bidder, 
Hawkshaw, Borthwick, and Hartley. During his long and 
useful career he had secured the admiration and respect of 
numerous influential friends, as well as the regard of his profes- 
sional brethren. 

The chairman had much gratification in announcing that Mr. 
Walker having left at Mr. Burges’ disposal the twenty-five 
remaining copies of Telford’s ‘Life and Works,’ as well as the 
copyright and the copper-plates, Mr. Burges had, in the most 
handsome and liberal manner, presented them to the Institution. 


The Paper read was on “ The Railway System of Germany,” 
by Mr. RoseRT Crawrorp, Assoc. Inst. C.E. 

It was stated that in Germany, as in England, tramways had 
formed the germ from which subsequent enterprise developed the 
vast network of railways now extending throughout the length 
and breadth of the land. The oldest of these undertakings 
originated in a fifty years’ * privilege,” granted by the Austrian 
Government, upon the 7th September, 1824, for the construction 
of a line from Budweiss, in Bohemia, to opposite Linz, on the 
Danube—a distance of upwards of 80 English miles. Subse- 
quently, a concession was obtained for a line from Linz to 
Gmünden, 424 miles, The cost of the Budweiss, Linz, and 
Gmünden line was about £4877 per mile. The gauge was 3 feet 
73 inches, and it was worked by horses until 1854, wheu small 
locomotive engines were employed, first upon a portion of the 
line, and in the following year upon the entire length. 

A proposal to adopt stean ns a motive power, instead of horse- 
labour, was carried into effect for the first time in Germany in the 
case of a railway, 4 miles in length, from Nüremberg to Fürth, 
which was opened for public traffic on the 7th December, 1835. 
Thus Germany, possessing at the close of the year 1835 upwards 
of 108 miles of tramways, had up to the same time only 4 miles 
of railway properly so called. In the five following years, rail- 
ways were introduced into all parta of the country, so that at the 
close of 1840 there were twelve railways, either wholly or in part 
finished, with a total length opened of 377 miles. Iu the next 
ten years this had been increased to 4487 miles; by the close of 
1860 to 8512 miles, and at the end of 1861, a total of 8866 miles 
had been constructed at an average coat of £16,400 per mile. 
Nearly one-fourth of the entire length was provided with double 
lines of rails. About 38 per cent. of the existing lines was Go- 
vernment property, 10} per cent. the property of companies, but 
worked by Governments, and 514 per cent. the property of, and 
worked by private or joint stock companies. Further, it 
appeared that 394 per cent. of the entire length was constructed 
by the different states, 24] by companies under a guarantee of 
interest, or a Government subvention, and 353 per cent. by com- 
panies at their own cost and risk; so that Government aid had 
been granted, directly or indirectly, to nearly two-thirds of the 
entire system. These 8866 miles of railway comprised sixty-two 
different undertakings, as at present constituted, under as many 
different organisations, and were managed by nineteen Govern- 
ment departments, and forty-three boards of directors. 

At the close of the year 1861, Germany had, in addition to the 
railways, about 143 miles of tramways, constructed at an average 
cost of £3200 per mile. 

With a view of establishing a common plan of action, and of 
regulating, to a certain extent, the relations of the different rail- 
way companies with each other, a society was formed in the year 
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1847 under the title of “ The Association of Government Railwa 
Directions,” which now embraced the whole of the lines, wit! 
very uuimportant exceptions. Each company subscribed a fixed 
sum towards the general management fund, together with & 
variable amount depending upon its length, and was represented 
at the meetings of the association and in the debates, in propor- 
tion to importance. A code of laws had been drawn up and 
agreed to, which was revised from time to time, the rules expres- 
sing the decided opinion of the associated peed upon all points 
usually involved in the construction and working of railways. 
The gauge was now universally throughout the country 4 ft. 8} in. 
With regard to curves and gradients, the rules laid down were 
—First, the radius of curvature should, if possible, not be less 
than 3600 feet in level land, nor than 2000 feet in hilly districts, 
except ın particular instances, where it might be necessary to 
reduce it to 1200 feet, or even in very rare cases to 600 feet, but 
never less, Second, the general scale of maximum gradients 
admissible on railways waa 1 in 200 in level districts, 1 iu 100 
among hills, and 1 in 40 on mountain lines, Several examples of 
sharp eurves upon works already executed were then noticed. 
The increased power of locomotive engines had led to a severer 
character of ruling gradients being intruduced than was fomerly 
contemplated, and there were ample proofs in every part of the 
country that the limits recognised at present as suitable for the 
workiug of lccomotives had (m reached. Many instances were 
then given of steep gradients and sharp curves, including a par- 
ticular account of the Semmering railway, and of the mode of 
working it, As, however, a description of this railway had been 
brought before the Institution by Mr. C. R. Drysdale, iu the year 
1856 (Minutes of Proceedings Tost. C.E., vol. xv., p. 349), it 
would suffice to say that the experience derived from the working 
of the line went to show, that one of the goods engines was 
capable of drawing up the incline of 1 in 40, ut the rate of 94 
miles per honr, a train whose gross weight varied from 100 to 
165 tone, according to the atate of the rails and of the weather at 
the time. The ordiuary rate of speed was fixed at— 


Ascending. Descending. 
Miles per hour. Miles per hour. 
For express trains . 144 16i 
ordinary passenger . s. : : 11 14 
goods, including military transport . 9i 9 


The maximum number of trains which had passed over the line 
iu one day was seventy-two, counting both ways. This was 
during the Italian war. The ordinary number was twenty-seven, 
with from seven to eight carriages each, Theline was about 253 
miles in length, was laid with a double way throughout, and had 
cost £98,270 per mile. 

It appeared to be a general, although not a universal plan, in 
the ense of all main lines, to prepare the earthworks and masonry 
for a double way throughout, but not to lay the second line of 
rails until the success of the undertaking and the requirements 
of the traffic demanded it. Some of the heaviest earthworks 
executed up to tlie present day were then alluded to, including 
one on the Southern State Railway of Bavaria, the greatest height 
of which was 172 feet, and which contained nearly 3,000,000 
cubic yards of material. A list of the largest tunnels on the 
principal lines was next given. 

Viaducts and bridges were treated under two headings;—first, 
bridges composed altogether of masonry, and second, iron bridges. 
The views of the Associated Railway Directions on bridge 
building were,—1at, For bridges, arches of stone or good bricks 
were preferable to every other description of structure, except in 
enses which required very oblique bridges. 2nd. Timber bridges 
were inadmissible. 3rd. When iron bridges were made use of, 
the portion ofthe structure which sustained the roadway should 
consist either of wrought or rolled iron. Thus cast-iron bridges 
as well as timber ones were removed from the field of investiga- 
tion; the former by negation, and the latter by direct condemnation. 

Instances were then adduced and details given of several 
examples of stone viaducts and bridges of imposing dimensions 
and extent, including those over the Goeltzsch and the Elser 
Valleys, on the railway from Leipzig to Hof,—and the Neisse 
Viaduct on the railway from Kohlfurth, to Goerlitz, iu Prussia. 
The result ofa series of experimenta, for the purpose of ascertain- 
ing the best description of concrete to be placed round the 
foundations of the river piers, in the latter case, gave the propor- 
tions most suitable for yielding a quick setting, hard concrete, at 
22 per cent. of cement; 22 of sand, and 56 of small broken stones, 
not exceeding 2 inches diameter. In regard to the bridge over the 
river Neckar, on the railway from Frankfort on Maine to 
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Heidelberg, it was stated that the depth of the keystone was 
somewhat over the minimum required both by Desjardin’s for- 
mula and by that of Gauthey; but on the other hand it was so 
out of proportion with the huge thickness obtained from the 
method of Perronet, as to prove the total unfitness uf this sys- 
tem for calculating cases similar to the one in question. Thos, the 


etres, 

Neckar Bridge as actually built had a depth of key of 1:200 
5$ according to Gauthey's formula it required 1125 

A a Desjardin's ‘i 1140 


M 5 Perronet 3» $:241 

In the case of wrought-iron bridges the arrangement most 
usually adopted, when the spans were wide, was that of a lattice 
construction in some one of its various modifications. One of the 
earliest examples, which was described in detail, was the bridge 
over the river Kinzig, at Offenburg, on the Baden State railway, 
in which it was considered that the arrangement of the material 
was not judicious, as—1st. The dimeusions of the ironwork were 
uniform throughout the length of the span. 2nd. Although a 
stronger lattice construction was adopted in the case of the 
central girder, still the top and bottom sections were of similar 
dimensions to the outside ones; and 3rd. The cross sectional area 
of the iron had: not been properly proportioned to its different 
powers to resist compression and extension, where those forces 
acted. The bridge over the river Vistula, at Dirscham, on the 
Eastern Railway of Prussia, was next referred to. It consisted of 
six spans, each 397 ft. 6 in. in the clear, the depth of the girders 
being 38 ft. 9 in., and the whole of the material in the super- 
structure being carefully proportioned to the nature of the strains 
to which it would be exposed. The Marienberg bridge over the 
river Nogat, on the same railway, waslikewise minutely described. 
The next examples selected were those over the Rhine, at 
Cologne, and at Kehl, close to Strasburg: in the latter case the 
method adopted in constructing the foundations, by means of 
compressed air, was also mentioned. It was stated that tbe 
operation of sinking the foundations pre at the rate of 
about 20 inches per day of twenty-four hours. 

In addition there was also another bridge over the Rhine at 
Mayence, which consisted of thirty-two openings, having together 
a clear waterway of 3134 ft. 6 in., lineal measure. The iron-work 
in the superstructure was somewhat similarly arranged to that of 
the Saltash bridge, modified in some particulars, as to the cross 
section and the formin which the material was applied, accordin 
to what was known in Germany as the system of Professor Pauli 
of Munich, which gave a rectangular top to the beam instead of 
an oval one. 

Attention was then directed to the Permanent Way. It 
appeared that about seven-eighths of the rails in use were of the 
broad base, or contractor’s pattern; the remainining one-eighth 
being composed chiefly of chair rails, with a small proportion of 
bridge-shaped ones. As to size the rails were not lees than 4j 
inches in height by 23 inches width of head, and the surface was 
curved to a radius of from 5 to 7 inches. They weighed gene- 
rally from 66 to 76 lb. per yard. Fish-plates were now almost 
universally adopted for connecting the ends of the rails, and the 
joints were always supported by a sleeper; a wrought-iron chair 
being interposed between the rail and the timber. Recently, a 
trial had been made of the modern English system of leaving the 
joint free without any sleeper under it, and the result bud bebe 
so satisfactory that it was intended to extend it. The almost 
universal system of supports was that of cross-sleepers. They 
were of oak, where it could be procured ata reasonable price; but 
different descriptions of larch and fir were often used, after being 
prepared by some chemical process to resist the tendency to decay. 

The quantity and description of rolling stock in use on different 
railways in Northern and Southern Germany vuried greatly; but 
as nearly as could be estimated, at the close of 1861, there were 
Locomotive engines ; . , . 0-414 per English mile. 
Passenger carriages, average 41:8 seats each 0:807 P 
Goods trucks, average load 6*9 tons 7:040 "m 

Before any engine was permitted to be used its boiler must be 
tested with hydraulic pressure to at least one and a half times 
the maximum steam pressure which it was intended to sustain, 
and a similar test must be applied after the engine had run its 
first 46,109 miles, and be subsequently re every time an 
additional 36,887 miles had been made. The rate of speed was 
usually, for express trains, from 27 to 35 miles an hour, for 
ordinary passenger trains from 20 to 25 miles, aud goods trains 
from 10 to 15 miles per hour, in each case exclusive of stoppages. 
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ON THE CONSTRUCTION OF WROUGHT-IRON 
LATTICE GIRDERS. 


By Tomas Canem, C.E. 


(Continued. from page 305.) 

Bxronx proceeding further with the practical part of the sub- 
ject, I propose to make some remarks on the formule in general 
use, for calculating the horizontal strain in a girder; and to 
endeavour to investigate them in a manner which, without de- 
parting from recogn sed principles, may render them of more 
easy application in the designing of structures similar to those of 
which lam treating. The first formula to which our attention 
is directed is that which gives us the greatest horizontal strain 
at the center of a girder under a uniformly distributed load, in 


which S= - ees X eis ete ae E sa (t) 


W being the total load uniformly distributed, L the span, 
and D the depth between the centers of gravity of the top 
and bottom booms. Putting w for the constant load or 
weight of girder and portion of superstructure, and w, for the 
maximum variable load, we have W=(w+-w,). We may con- 
sider the value of w, to be fixed, and always equal to one ton per 
lineal foot for every line of rails on the bridge; and confining our 
attention to one girder, we have w,=L. In bridges of moderate 
spans, that is, within the limite of 150 feet, it has been found by 
engineers sufficiently accurate and safe, in practice to take the 
constant weight of a bridge = 1 ton per foot run, which gives 


us, in the present instance, w= 3 = Substituting these 


2 . 
values in equation (1), we have 
L 
(a9 m ; 
S= ——$D  7ieD A (2) 


The value for w is rather in excess of the actual weight in 
girders of small spans, hut on the supposition tbat tbe weigbt of 
a bridge acts in direct opposition to the momentum of a moving 
load, it will be found an advantage rather than otherwise. That 
this opinion is entertained is shown by the fact that more than 
the necessary quantity of ballast is often heaped on bridges of 
small spans, for the express purpose of making them heavier. 
Fio. 1. 
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Taking D=one-twelvth of the span and putting this value in 
equation (2) and reducing, we find for the simplest equation for 
the maximum horizontal strain at center 
S= 225xL w+ (3) 

This value for D agrees with that for the center span of the 
Boyne Viaduct, in which S=264 feet and D=27 5"; the exact 
ratio is as 1 to 117, but as 22’ 6" represents the depth from out 
to out, it would be reduced to about 6 inches less, by taking it to 


the center of gravity of the booms, which would thus give D = A 


In all girders having discontinuous webs, the depth is capable of 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL 


377 


a greater variation with a limited increase of strain, than those 
of the continuous web form; the effects of the depth will be better 
seen when treating on the atrains on tle web. 

In making calculations respecting the strength of girders, D is 
frequently taken as the total depth instead of the depth between 
the centers of gravity of the flanges; asit is necessary in some 
cases, and more correct in all, to adopt the latter value, we will 
proceed to determine it fora double lattice girder of a similar 
construction to that given in the number for October. Let 
Fig. 1 represent the half section of the top and bottom flanges of 
the girder, the remaining half being precisely similar, the centers 
of gravity of each flange will be somewhere in the line AB. It 
may be remarked that with their horizontal position, or position 
along the breadth of the flanges, we have nothing to do; it is 
their vertical position alone which affects the value of D in our 
equations. The simplest method of proceeding will be, to ascer- 
tain, first, the position of the centers of gravity of the top and 
bottom plates, and then that of the angle-irons, and to consider 
their weights as concentrate in those points, from which the 
position of the centers of gravity of the whole top and bottom 
flanges may be determined. In Fig. 1, let CC, be the vertical 
position of the centers of gravity of the top and bottom plates 
respectively, C,C, those of the angle-irons; the distance which 
is required to be found is GG,, the available depth for calculation, 
answering to the value of D in the preceding equations. Make 
D, the total depth of the girder, as shown in the figure, and T,T, 
the sum of tbe thicknesses of the top and bottoni plates, then as 
the plates are supposed to be perfectly homogeneous, 


cc,=,-(2+*) 


In order to obtain the centers of gravity of the angle-irons, it 
will be only necessary to find that of one of them for each flange. 
Let the angle-iron be imagined to be unrolled, or one of its flanges 
to be bent back into the position shown by the dotted lines in 
Fig. la, so that it shall assume the appearance of a straight piece 
of bar iron; if /, be the length of one of its flanges, / the length 
of the other, and t its thickness, its total length in the position 
shown will be—(!; -/— 1), and the position of its center of gravity 
+l) 


from either end will be= —z now supposing / to be the 


vertical flange of the angle, and / the horizontal in Fig. 1, the 
distance of its center of gravity or of the point C, from the under 
surface of the top plates will be 


pe (chin) l-i+t 


2 2 8 
similarly for the distance of C, from the interior surface of the 
bottom plates, for although the sum of the thicknesses of the top 
&nd bottom plates may vary, yet the angle-irons both at top and 
bottom ought to be of the same scantling: we thns have the 


distance 
C,0, D, —[((T,-- T3) + —L2-0] 

The accurate position of all the points C, C,, C,, &c., will be in the 
line AB which divides the section into two similar halves, but 
for convenience sake I have placed them as shown in the figure. 
We may consider the force of gravity to act in vertical parallel 
lines, the resultant of which for the top plates passes through the 
point C, and for the vk MP Dur through C, and for the bottom 
flanges through C, and C, the distance CC,— 

T, , (h- HH OON | (4—lte 

z*( 2 ) and ©,0,= 2 +( 2 ) 
Our required distance GG,=CC,—(CG+C,G,). 
Put A, for the area of the top plates, A, for that of the bottom 
ones, and a, for the area of the top or bottom angle-irons, then 
as the weight per unit of both plates and angle-irons is equal, in 
order to find CG we have the following proportion:— 


CG : (CC,—CG) :: a, : A, 


CC,x a 
d CG= —3 
TS Qaa) 
C,C, Xa 
also for the bottom flange, C,G,— (aa) 

If both the flanges be equal to one another, then CG=C,G,, 
and GG,=CC,—2CG; in this case CC,—C,C,, and finally, as 
T,=T,, we obtain for GG, by substitution in the above equations 

88 


‘ will be seen from the inspection o 
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=D,—T,— = es ae 
GG,=D,—T, - (T, +4 - 10x E 
If b be the breadth of the plates A, =bT, and a,—4(1, 4- 1— tjt; 
and applying the formula to an example, let D,=60", T=)’, 
= 24", and angle-irons—4" X 3" X3"; then A,— 24 square inches, 
and a,—13 square inches; and the available depth for calcu- 


lation will be equal to GG, = D=659"— (250x 5) =5812", 


In girders of a less span thau 40 feet it would not be necessary to 
inako this allowance, but it would be quite sufficiently accurate 
to take the total depth and calculate from it. 

In treating of the duty ofthe angle-ironsin the number for Octo- 
ber, it was remarked that there was no advantage to be gained by 
employing angle-irons with their vertical langes of a length very 
much exceeding the horizontal ones, Apart from the conside- 
rations there mentioned, it will be now evident that the result 
of the vertical portion of the boom is to lower the center of. gravity 
of the whole boom, and so reduce the depth required for calcula- 
tion. Inthe above investigation I have taken no notice of the rivet 
holes; a, and A, are the dos areas, because, except where the 
strength is concerned, the holes may be considered to be com- 
pletely filled by the insertion of the rivets. 

That the consideration of the correct valne for D materially 
affects the shape which should be given to the booms of girders 

an ordinary form shown in 
Fig. 2, in which the web, instead of being rivetted directly to the 
angle-irons, is attached to vertical plates which are rivetted in 
between the angle-irons; these vertical plates must at least be 
half an inch thick, in order to effectually take the strains of the 
struts and ties which are brought upon them, not continuously, but 
per saltum, as ia the case in every lattice girder; consequently 
their area will bear a very large proportion te, and very probably 
exceed that of, the horizontal plates, and thus produce an injuri- 
ous effect by considerably diminishing the value of D which, as 
shown by the above investigation, is, ceteris paribus, inversely 
proportional to the area of the 
vertical portion of the flanges. 
It will be seen on examining 
the sectiou in Fig.2, that the 
area of the vertical plates 
cannot be included in the 
calculation of the area of the 
flanges, insomuch as they form 
no actual portion of them, but 
are merely a prolongation of 
the web, Their sectional areas 
being useless, they can only 
be regarded in the light of 
stiffening pieces to the booms; 
as they are four in number 
(two only are shown in the 
half section in Fig. 2), and 
as they are continued through- 
out the whole length of the 
girder, an estimate of their 
weight would show that this 
advantage is obtained at too 
great a sacrifice of material, 
and addition to the dead 
weight of the girder; their 
own weight also acts in a most disadvantageous manner, and 
adds to the side strain on the horizontal plates, and although 
they may tend to somewhat stiffen the entire booms, they have 
a contrary effect on the plates considered independently, for 
they increase their liability to buckling. 

It would be well here to draw a distinction between the mean- 
ing of the terms “booms” and “ flanges;”’ the booms always 
include the flanges, but the flanges may or may not include the 
booms; the flanges, together with any stiffening or packing pieces 
applied to them, constitute the booms, but it must be borne in 
mind that it is the area of the former alone which can be included 
in computing the strength of the prae Fig. 1 is an example of 
the simplest form of flange for a double lattice girder, the whole 
of the area of which might be used as the gross area for determi- 
ning its strength. 

Where this mode of imparting stiffness to the boom is adopted 
(see Fig. 2) it would be preferable to increasa the length of the 
vertical flanges of the angle irons; this method is open to the 
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objections already urged against it, but we should on the other 
hand obtain the value of the sectional area of the stiffening pieces, 
which we do not where the vertical plates are employed. The 
use of the vertical plates causes twice as much rivetting in the 
webs than what is required in the other arrangement, where the 
web is attached directly to the angle irons. 

To return to the horizontal strains. The case of the strain 
resulting from the effect of a weight at the center offers but little 
interest, except in the deflecting and testing of girders, so we 
pass on to a consideration of the general formula for the hori- 
zontal strain on any part of the boom of a girder, produced by 
a uniformly distributed load. 

In Fig. 3, let AB represent one of the booms of a girder, it is 
required to find the strain at a point P, which. divides AB into 


segments g and b. The uniform load in the present instance 
Fia. 8. 


will consist of two portions—the constant, and the variable load, 
which equal respectively w and w,. The total load w-+w, pro- 


duces an upward reaction at A — stn, and the moment of 


this force to cause fracture at p = a Xa. Let S=horizontal 

strain, D—depth of girder, and let m=weight of segment a; then 
a 

the forces acting in opposition = SX D--mX ai from which 


__ w+u, " aa A) 
S —-————- Xa—mx 3 (~ 


2D 2 
But m= m Xa, and putting this value in our equation 
_a (w+ w) 
dm 3 ((o4-,)— a+b a) 


D 
Making ww. =W, we have 
g= 2 W(a+b)—Wa,_ Wxab 
^ 9D a-rb ) 2D (a+b) 


L 
The limits for the value of a and b are a=o, b—L, and a—b-. 


. (4) 


; . WL 
in the former case S—o, and in the latter S = 3p (1) 
If in equation (4) we substitute the value before given for 


3L Sabx(a--b) 34b op Lat 
Ws , we have S= Darth ^ 4D' and making D= -3 
we have for girders of this particular class 
s= 9» 6) 


L 
The two equations (1) and (4) supply sufficient data to calculate 
with ease id accuracy the strains on any part of the boom of 
a girder. In adopting D = n I have been guided by the best 


examples existing of lattice girders—which are unfortunately but 
too few—and also, that in a large number which have come under 
my personal observation and direction, I have found this ratio is 
either actually obtained or very closely approximated to. The 
facilities it offers for calculation have been already shown. — 
The next point to be considered is the quantity of material 
required, or what the sectional area of the flanges should be in 
inde to resist a strain acting at any point p. This depends 
altogether upon the amount of strain we wish to impose npon 
any square inch of iron. Widely different opinions have been, 
and are still, entertained upon this point, bat without wasting 
time, and encumbering valuable space with attempta to Ju 
between their relative merits, I shall assume that the safe wor! t 
ing strain is equal to one-fifth of the ultimate tensile strain o 
the material. The tensile strength of plates may be taken at 
22 tons per square inch; this is about two tons higher than itis 
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usually considered at, but the demand for iron of a better quality 
than what was formerly employed in bridges has led to the 
manufacture of iron of a superior description. Anyone may be 
convinced of this fact by perusing the specifications respecting 
the quality and tests of the iron to be used in our large railway 
bridges for India;* the bar iron is specified to be able to resist a 
tensile strain of 24 aud even 26 tons, and it is evident that such 
a requisition could only be founded on the fact that a much 
better class of iron is now turned out of the workshops than 
when 20 tons per square inch was the highest standard of effici- 
ency. We shall thus have 1?—44, or 4$ tons for our working 
strain on iron in a state of tension. In apportioning the 
strength of the flanges it must be kept in mind that the top 
flange is in compression and the bottom in tension, and that 
iron is weaker in compression with respect to tension as 11:12; 
and consequeutly, making A = the section required for the 


bottom boom, and A, for the top, A, = 12:5. The effect of the 
rivet holes in the top and bottom flanges must be also taken into 
account. If in the top flange, which is under compression, the 
rivet holes were completely filled up by the inserted rivets, their 
etfect might be disregarded; that this is the case where steam 
rivetting is employed will be shown hereafter; therefore, redu- 
cing in the above proportion, we shall have the safe strain for 
iron in compression = 4 tons per square inch. i 

In order to avoid confusion by having two constants for the 
booms, and also to provide for the contingencies of hand rivetting, 
in which the holes are never filled entirely by the rivets, it will 
be more advantageous and safer to take the net area of the top 
boom at 45 tons, instead of the gross area at 4 tons, and thus 
make the calculations.similar. If A — net area required in the 
bottom boom at any point, n=the number of rivets in the cross 
section of the flange at that point (taking care not to make the 
section across a wrapper or covering plate placed over a joint), 

=diameter of rivets, and t—thickness of plates; then the gross 
area a= À --ndt and if a,—gross area of top boom, 


1 
a= = Atnat 


Let A= area required at center of boom, then A = : = ine 
making p=45 tons, and substituting the values assumed above, 
we have for the area at the center A =} wide eue ox. (6) 
and for the area at any other point where a.b are the segments 
into which the span is divided, A= T (eee Sach 


In small bridges the top and bottom flanges may be made 
equal to one another iu area, but where the proper proportion is 
observed A must be reduced or increased accordingly. 

Before passing on to the strains on the web, which constitutes 
the essential difference between this and other foris of girders, it 
may not be out of place to make a few remarks respecting steam 
and band rivetting. Ifthe heads of rivets which have been in- 
serted in a plate by hand rivetting be cut off, the rivets themselves 
may be knocked out of the plate by a hammer; but the rivets 
which have been p in by the machine cannot be so displaced, 
the only means of removing them is by either punching or dril- 
ling them out, which is equivalent to reboring the solid plate; if 
& piece of plate be examined which has been sheared across the 
riveta, it will be observed that, if the rivets were put in by the 
machine, they appear to have become completely incorporated 
with the plate itself, and to form a part of it. The flanges are 
the only portions of a double lattice girder to which steam 
rivetting can be applied. This will be manifest from an inspection 
of Fig. 4, which is a diagram representing the main features of 
a steam rivetting machine: it consists of two principal parts, A 
and B; A is the portion which forms the resistance, and the 
run on its surface takes the place of the sledge which is 

eld by one mau in haud rivetting against the head of the rivet, 
while P is the hammer, worked by a small cylinder and piston- 
rod, which gives the blow, and in so doing is brought into the 
position shown by the dotted lines. It is olear that any portions 
of a girder which are required to be united by rivetting must be 


* Beo Mr. Humber's last work, ‘A Complete Treatise on Cast and Wrought-Iron 
Bridge Construction.’ 
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able to be brought into the space shown by # in the figure, and 
which does not admit of any very great variation, mone 
capable of adjustment witbin certain limits. In constructing the 
girder in the workshop, the angle-irons and plates are put toge- 
ther by temporary bolts and a few rivets driven by hand, and 
then the whole boom is slung up on a cross beam traversing the 
length of the workshop, and passed in succession backwards and 
forwards through the space x of the machine, until the whole of 
the riveta are inserted. A single lattice or plate girder may be 
rivetted together completely by the machine. Oue of the great 
difficultiesto be overcome in hand rivetting cannot possibly occur 
where the machine is employed—viz., the difficulty of bringing the 
Fig. & 


two heads of the rivet exactly opposite; in hand rivetting they are 
frequently not so, that is, the longitudinal axis of the rivet does not 

through the center of both heads, and the consequence is 
tbat the head is not concentric round the rivet hole and the 
bearing surface, or the force which draws the plates together is 
not equal on both sides of the plates. If the bearing surface 
were very unequally distributed around the rivet hole, it is evi- 
dent that if a sudden shock came upon the rivet it would start, 
and be drawn through the hole. Another advantage of the 
machine is that it altogether dispenses with the preliminary 
hammering of the plates in the vicinity of the rivet hole, and 
which has often in thin plates injuriously affected their strength 
by producing a distortion or wind in them. 

We shall next consider the strains on the compression and 
tension bars composing the web; and also notice the forms best 
suited to the different strains brought upon them. 

(To be continued. ) 


————.»———— 


INTERNATIONAL EXHIBITION, 1862. JURY REPORT, 
CLASS, VIIL MACHINERY IN GENERAL.* 


Subdivision III.— Pneumatic Machines. 
Szcrion L—Ain-PUMPS. 

THESE pumps are principally represented by exhausting ma- 
chines for creating à vacuum for the evaporation of syrups 
in the manufacture of sugar. They are constructed on a 
nearly uniform model. Each has a vertical steam cylinder with 
beam, connecting-rod, and fly-wheel; the pumps, two or four in 
number, and made of gun-metal, are placed on either side of the 
beam. The construction of this kiud of machine has been 
scarcely modified for many years. 

We place in this class the exhausters constructed by Messrs. 
Gargan and Co. (France, 1031), for the drawing of coal gas from 
retorts. These machines are represented by excellent drawings 
by M. Fouche. It is known that in large gas-works it is usual 
for the preveution of waste, to pump the from the retorts, in 
order that the pressure therein may not be raised above that of 
the atmosphere; whilst it is delivered into the gasometer with 
the necessary pressure. Blowing fans have also been employed 
with the eame object. Messrs. Gargan have constructed exhaus- 
ting maohines with three parallel double-action cylinders, driven 
by asteam-engine. Theemployment of these three pumps, which 
draw from a small regulating gasometer, is sufficient to maintain 
a very regular current of gas. These machines, which offer a great 
economy of motive power over blowing fans, have been adopted 
by the Gas Company of Paris. 

An ingenious instrument of Mr. J. J. Silbermann (France, 1162) 


* Concluded from page 334. 
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was remarked. It is an air pump for physical and chemical 
researches. It is furnished with a stop-cock, pierced with several 
openings arranged in such a manner that the pump, which is in 
communication with three receivers, can pump the gas either in 
or out of each of the three receivers and into the other two at the 
will of the operator, by simply turning a atop-cock. 

Section IL—BLowiNG-FANS, 

Among the blowing-fans exhibited may be remarked those of 
Mr. G. Lloyd (United Kingdom, 1913), and Mr. T. Lemielle 
(Franoe, 1135) The former was in the Exhibition of 1851; both 
in Paris in 1855. The first is composed of blades, the width of 
which decreases from the centre to the circumference. These 
blades are contained within two cheeks, forming one body with 
them, and assuring the complete carrying away of the inclosed 
air. The absence of lateral leakage accounts no doubt for the 
comparative noiselessnesa of the action of the machine. 

, The blowing-fan of Lemeille, the action of which produces 
air-chambers of various capacity, acts rather like a piston ma- 
chine: it continues to furnish excellent resulta in the ventilation 
of mines, and it is employed as an air-blast in many large 
works. 

The North Moor Foundry Company (United Kingdom, 1948) 
has exhibited a blowing-fan patented by Messrs. Schiele and 
William, consisting of a fan having its wings curved and of 
diminishing width, mounted on the same shaft with a steam tur- 
bine, which drives it. This fan is particularly applicable to the 
ventilation of steam and sailing vessels. 

, The Vienna Imperial and Royal Commission for the Ventila- 
tion of Military Hospitals (Austria, 630) exhibits a veutilating 
fan of Dr. Heger. This instrument consists of a wheel, having 
the same axis as the tube which incloses it, and having blades 
inclined to this axis, it will be evident that the rotatory move- 
ment of the blades sets in motion the air within the tube. The 
variable sections of the tube and of the openings for the passage 
of the air are arranged in a manner to diminish as much as 
possible the loss of motive power. 

From the reports furnished, this machine appears to have 
attained a useful effect of 25 per cent. of the power employed, 
which is considerable for a ventilator. 


Secrion IIL—BraAsT ENGINES ror FURNACES, &c, 

The blast engines exhibited are very few. The vertical beam 
engine continues to be preferred in England. A blast engine of 
very fine workmanship is exhibited by the Lilleshall Company 
(United Kingdom, 1910). 

A double horizontal engine on the system of W. Fossey, is 
exhibited by M. L. Pérard (Belgium, 273). The admission and 
expulsion of the air take place through cireular sides placed at 
the bottom of the blowing cylinders, which are pierced with six- 
teen openings radiating from the centre; the slides have similar 
openings. In turning round their centre the slides open and 
close simultaneously all the openings in the bottom of tbe 
cylinders; thus is obtained a large area for the admission of air 
with a slow movement of the valve, which only makes one turn 
for sixteen made by ‘the machine. During the period of the 
delivery of air the pressure on the slides is in a great measure 
compensated by the pressure of the air circulating in a false 
bottom, which prevents the separation which would be produced 
in spite of the guidea between the slides and the bottom of the 
cylinders. At a speed of seventy turns per minute this machine 
can deliver 150 cubic metres of air, at a pressure of eight or ten 
inches of mercury. Likethe blast engine of Messrs. Laurens and 
Thomas, this machine is free from the shocks of the valves, 
notwithstanding the great speed of the pistons, but it presenta 
over its predecessor these advantages—viz., that the speed of the 
slides is low, and that the pressure on the different parte is 
balanced, and from this reason they are not so likely to get out 
of order. 

Mr. Holmgren (Sweden, 269) has exhibited a model of a blow- 
ing machine of three single-acting vertical blowing cylinders, the 
driving shaft is placed below, and the connecting rod is composed 
of four diverging pieces of wood directly attached to the piston. 
The different positions of the piston are not parallel with each 
other; if it were replaced by a sphere of the same diameter as the 
cylinder it would have an action theoretically as perfect as that 
of a cylindrical piston. To profit by this property there has been 
provided for the piston a spherical titting, and the connecting rod 
lengthened as niuch as possible to diminish the extent o the 
cscillations of the piston. 
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Mona. J. Schaller (Austria, 561) exhibits forge bellows, and a 
portable forge with double-acting bellows of a cylindrical form, 
and inclosed in a square case of sheet iron, having on the upper 
part the fireplace and a small hood. 

Secrion 1V.—MuscELLANEOUR. 

Under this head are arranged a certain number of machines 
belonging to the Class VIII, but which it is‘ difficult to 
distribute in the different sections of the class as defined by 
the Jury Directory. In the first place is the apparatus of 
Dr. Normandy (United Kingdom, 1946) for the production of 
fresh water from sea water. The water is distilled by the steam 
from the boilers of the steam ship, or from a special boiler in 
sailing ships. , 

The apparatus is disposed in such a way as to retain along 
with the ateam from the evaporated water all the air previously 
dissolved in this water and in that which is employed in conden- 
sation, which in the upper part of the condenser nearly reaches 
the boiling point. This total quantity of air exceeds that 
which fresh water can hold in solution, so that the condensation 
produces water perfectly aérated. The empyreumatic taste ooca- 
sioned by the distillation has still to be got rid of, and this it 
appears is successfully accomplished by filtration through wood 
charcoal. The whole apparatus is simply and practically disposed: 
the evaporation is entirely self-acting, requiring only the regola- 
ting of some stop-cocks. 

he machines for the manufacture of aérated waters are very 
numerous, and are generally well constructed. It could hardly 
be otherwise with the manufacturing machinery required by an 
industry which becomes daily more extended. 

M. Heckmann (Prussia, 1303) has exhibited an evaporating 
pan of large dimensions, for the boiling of sugar in vacno, 
3 metres diameter, and 3:60 metres high, and of very good 
workmanship. 

M. F. Legal (France, 1157) has sent the model of a similar 
sugar vacuum pan, with some peculiar moditications to avoid the 
carrying over of sugar with the steam. 

Subdivision IV.—Hydraulic Machines, Cranes, &c. 
Secrion L—H YpRAvLIC MACHINES, PUMPS AND FiRE-ENGINES.* 

The different systems of pumps are represented in t num- 
ber. Among the chain-pumps may be remarked that of Mr. J. 
U. Bastier (United Kingdom, 1792), formed by a series of 
circular pistons in caoutchouc, moving in a tube of iron enamelled 
on the inside. To avoid frietion the pistons have a diameter 
somewhat smaller than that of the tube, which itself is slightly 
narrowed at the lower part, sufficient to allow the pistons to p 
with slight friction, thus preventing all loss of water. is 
apparatus is easily fixed ; Bat we think nevertheless, that the 
other pumps would be preferred for great quantities of water, or 
for t depths. 

urray’s chain-pump, exhibited by Mr. Middleton (United 
Kingdom, 1930), formed of plates of wood firmly connected 
together with iron chains, and moving in a rectangular case or 
trunk, is easily set up for temporary drainage purposes, 

The force and lift pumps are in great variety: a large number 
of constructors have sought to give to the waterways and valves 
dimensions which render as small as possible the loss of power by 
friction. They have also sought to give a continuous movement to 
the ascending column of water, independently of the action of the 
reservoir of air. This result is obtained in the pump of Messrs. 
Carrett, Marshall, and Co. (United Kingdom, 1813). The solid 
piston is worked by a rod of half the section of the piston itaelf: 
amm the up-stroke the upper surface forces a volume of water 
into the ascending column, and the lower surface draws in twice 
that volume. In the down-stroke these two volumes are sent into 
the receptacle communicating with the upper face of the piston. 
One of the volumes here fills the space which would otherwise be 
left empty; by the descent of the piston the other volume is sent 
into the rising tube. These pumps, which are of small size, are 
only exhibited as donkey pumps, for the continuous feeding of 
steam boilers with water. 

The uniform movement of the water is obtained in a still more 
simple manner in the pump of Messrs. Farcot and Sons (France, 
1152), in which two equal pistons with valves affording very large 
waterways, work parallel to each other in two pump cylinders. 
During the successive strokes the first piston draws in water by 
its upper surface, and delivers it to the ascending column by 


* The report on the fire-engines is drawn up by the Special Jury on that subject. 
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causing it to traverse the second piston. In its ascending course, 
the second piston raises in its turn the column of water by its 
upper face, whilst the lower face sucks the water, causing it to 
traverse the first piston. This pump lias yielded all the good 
results promised by its ingenious construction, and it is adopted 
in the water supply of Paris. 

M. Letestu (France, 1167) exhibits pun. which are already 
very well known, as well asa double pump of large dimensions for 
drainage purposes. It is chiefly in operations where the waters 
are charged with mud or gravel that the pumps of M. Letestu 
have been found most useful. 

The pump of Messrs. Knowelden and Co. (United Kingdom, 
1901) has the general disposition of a fine engine pump, but 
between the extremity ofthe piston and the valves isa diaphragm: 
' the free space between the piston aud this membrane is filled 
with water covered with a layer of oil, so that the greasing of the 
piston is always perfect, aud no sort of liquid nor foreign body can 
interrupt the action of the piston. The four valves, inlet and 
outlet, are arranged on the same bed plate, and can be easily 
visited and repaired. Their grouping presents this advantage, 
that by turning the bed plate this pump acts in the opposite sense, 
and can thus easily cleanse the ascending tube from any forei 
bodies which have happened to get in, as they are very apt to ER 

M. Perreaux (France, 1142) exhibits valvular pistons in caout- 
chouc. The piston is in one piece, and hollow below, and termi- 
nated in the upper part by two thin lips, generally closed, and so 
much the more effectually as the pressure above is greater, but 
which open to leave a passage for the water from below as soon 
as the pressure on this side predominates. With this piston, and 
a similar piece forming a bottom valve, a pump is obtained of a 
very simple construction. It is necessary to remark, however, 
that the repaira of the pistons in the generality of cases cannot 
be easy, aud that the resistance of the material at the opening, 
and the small dimensions of the orifices, require an excess of 
motive power which would become of importance in puinps of any 
but of small dimensions. 

The centrifugal pumps are chiefly represented by the systems 
of Apoold and Gwynne. The first, constructed by Messrs. Easton, 
Amos, and Sons, obtained a very remarkable success in the first 
universal Exhibition of 1851. e second, very iuferior at that 
time as regards the successful employment of motive power, has 
been so well modified, that in the absense of comparative trials it 
would be difficult to decide to which of these two machines the 
preference should be given, for they offer no essential difference 
except in the position of the axis of the wheel, which is vertical 
in the first and horizontal in the second. We believe that this 
system of pumps will receive numerous applications by the ease 
with which it ean be set up, and its working without shock; bv 
the employment of a steam-engine at a high rate of speed, which 
would be easy of transport alid readily fixed. It is well fitted for 
employment in large temporary drainage works. 

We would mention also, for simplicity of arrangement of the 
different parta, the drainage pump of Mr. Godwin (United King- 
dom, 1862), and the double-acting pump of Mr. Hansbrow (United 
States, 40), and the double-acting pumps of M. Hubert (France, 
1200), which furnish the French fountains in the grounds of the 
Horticultural Society. 

Steam Pumps. 

Messrs. Harvey and Co. (United Kingdom, 1880), employed in 
more than the half of the water-works of London, have exhibited 
a model of one of their large single-acting steam pumps, imitated 
from the drainage pumps of the Cornish mines. They are now 
adopted in nearly all large towns. The comparative experiment 
which will shortly be made at Paris between this system and that 
of Messrs. Farcot and Son (France, 1152), will therefore be highly 
interesting. It is useful to remember that in the Cornish engines, 
even in those used for the drainage of mines, where the mass in 
movement is more considerable, the action of the steam valve has 
never been so perfect as desirable. The diameter of the piston 
has always been too large to allow of the admission of steam at 
the pressure in the boiler (30 to 45 lbs.) without causing a detri- 
mental velocity: there arises a throttling effect: which absorbs a 
great payt of the available work. 

A great number of steam feed pumps are to be found at the 
Exhibition, all with steam and water pistons on the same piston 
rod, sometimes vertical but more often horizontal. 

Two pumps may be seen from the United States: Mr. H. Steel 
(39) and Mr. Worthington (28) They are without fly-wheela; 
one of them has only one steam cylinder and one pump; the slide 
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valve is brought into action iustantaneously at each stroke of the 
iston by means of a small supplementary steam piston very 
Ingeniou ly disposed. The other pump is composed of two cylin- 
ders of each kind: the steam slide valve is guided in ench machine 
by the piston rod of the other; by this means the movements are 
simultaneous in opposite directions with perfect regularity. 

To mention Giffard's injectors, exhibited by Messrs. Sharp, 
Stewart, and Co. (United Kingdom, 1299), Flaud (Frange, 1164), 
is to record their success. They are found at the Exhibition uni- 
versally amongst the principal industrial nations, thus showing 
how this invention has been apprecinted. ; 

Professor Colladon (Switzerland, 106) is the inventor of a water- 
wheel to be set in motion by large streams of water, and con- 
structed on the most scientific principles. It is at present used 
for the raising of water; between two exterior cylindrical surfaces 
exists a spiral partition in which the water stands at the level of 
the axis, and can be raised to a height commensurate with the 
number of the spirals. 

Messrs. Wentworth and Jarvis (United States, 54) exhibit a 
windmill for the raising of water; self-regulating wheu the force 
of the wind increases; the guide sails close in, and increase the 
obliquity of the angle formed by the motor-sails, with the direc- 
tion of the wind. 

There has also been placed in Clasa VIII. a well-arranged 
maehine for washing and bleaching of tissues, exhibited by 
Messrs. Sulzer Brothers (Switzerland, 112), and a machine for 
washing linen by Mr. Parker (United States, 89). 

Water Rams. 

The different hydraulic rams exhibit no new arrangement, with 
the exception of that of Messrs. Bollée and Son (France, 1165). By 
the adoption of a clack valve analogous to double-seated valves, 
he diminishes considerably the intensity of the shock; the pump 
feeding the air reservoir set in movement by the play of the ram, 
but always situated above the level of the highest waters, works 
even whilst the ram is under water, which allows it to be placed 
in such a manner as to profit by all the height of the fall. 
Finally, thə valve is counterpoised at will by a regulator, by 
means of which the velocity of the machine is governed. There 
is here a manifest progress which should render the use of this 
machine more frequent. 

Hydraulic Presses. 

Among the hydraulic presses exhibited, there are some in 
which it has been sought to perfect the movement of the pumps: 
we may mention that of Messrs. Peel, Williams. and Peel (United 
Kingdom, 1954), in which the two pumps of different diameters 
work together. Both work in the usual way up to a pressure 
determined beforehand: when the effect of the large pump ceases 
the small pump works alone to the point fixed for the maximum 
pressure to be obtained, and when its play ceases to have any 
effect. This modification of the working of pumps is obtained by 
the very iugenious arrangement of twosafety valvea acting on the 
same lever; 80 that when the pressure reaches the first fixed limit, 
a valve is raised and gives to the lever a slight movement which 
causes the water to be driven into the cistern instead of the press: 
at the second limit another supply valve, raising the former ful- 
crum of the lever, annihilates in its turn in the same way the 
action of the small pump. As soon as the pressure descends 
below the second or the first limit, the small pump, and then the 
large one, recommence their effective work. 

Mr. F. O. Ward (United Kingdom, 2015) has sought simplifica- 
tion of another kind. On a hollow bed, serving also aa a cistern, 
he groupsa horizontal steam-engine and pumps, thus compress- 
ing two machiues into the space of one. The pumps are pecu- 
liarly constructed to avoid accumulation of air. They are also of 
thrice the usual length, and coupled in pairs by a novel arrange- 
ment, allowing all four to be driven by two connecting roda—a 
considerable economy. That their tbreefold length may not in- 
volve diminished directness of thrust, the connecting rods are 
proportionately lengthened. Thus twelve pumps with their 
twelve sets of valves are replaced by four, and twelve connecting 
rods, with their costly fittings, by two. "This chenpened construc- 
tion implies less cost of maintenance, fewer working parts and 
reciprocating motions, fewer valve beats, and less “back slip." 
The power is transmitted by pinion and spur wheel, gna to 
afford suitable leverage and suitable relative velocity of the steam 
and water in motion. These are all points of advantage, but it 
would seem desirable to isolate the steam cylinder from the cis- 
tern, in order to avoid refrigeration. 

54 
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M. Lecointe (France, 1166) has obtained a simplification still 
greater: his apparatus of pumps and cisterns can supply twelve 
presses, It consists of two force pumps, the contents of which 
are led into a reservoir of variable capacity by the play of a 
plunger moving vertically, weighted to 1200 or 1400 lbs. to the 
square inch. It is this reservoir which distributes the water to 
the presses at this constant pressure. If the pumps furnish more 
water than is used, the regulating piston, arriving near the ex- 
tremity of the stroke, raises a balance weight, the action of which 
immediately cuts off the action of the pumps. The power returns 
as soon as the piston of the reservoir is lowered; but this return 
of power is combined in such a way thatit takes place only at the 
commencement of the stroke of the piston, so as to drive the 
water with slow velocity at first, essential to the preservation of 
the machine. The mechanical regulator is ingenious; but it is 
advisable to avoid the noisy shock of the connecting rod against 
the clutching lever, which continues as long as way one of the 
pumps is in action, With the ex+-ption of this objection to a 
matter of detail, the machine of M. Lecointe presenta a very im- 
portant progress in the production of hydraulic presses, and the 
success which this machine has obtained in a great number of 
works is perfectly well deserved. 

Water Meters, &c. 

Water-meters are of many different constructions. That of 
Mr. Siemens (United kingdom, 1987), which was to be seen in the 
Exhibition of 1851, consiste of a small turbine traversed by the 
water to he measured. It remains to be decided by well authen- 
ticated trials whether this instrument registers accurately under 
the different pressures with which water may have to traverse it. 

The other systems of meters consist of filling with water a 
constant capacity, and registering the number of the operations. 
That of Mr. Jopling, exhibited by Messrs. T. Lambert and Sons 
(Uuited Kingdom, 1903) is of very simple construction. It is 
composed of two equal parallel cylinders, of which the pistons 
work together in the same direction, the piston rod of each piston 
regulating at the extremity of the stroke the admission of the 
water into the neighbouring cistern. All the water must pass 
through one or the other of these two cylinders; and the numb-r 
of oscillations registered measures the quantity of water which 
has passed. The cylinders are inclosed in a case of cast-iron, so 
that the pressure is the same at the exterior as the interior of the 
cylinders, and ita influence on the play of the machine is nearly 
annihilated. 

The Manchester Water-meter Company (United Kingdom, 
1923) exhibit several water-meters. One of them is provided with 
only one cylinder, in which the introduction of the water is regu- 
lated by a system of two pistons, which are alternately driven in 
different directions by a slide, the positiou of which is changed by 
the piston rod of the large piston at each end of its stroke. 
Among the other water-meters of the Company may be seen one 
(Frost’s patent) without packing, which will work with warm 
water, for the filling of steam boilers, It is composed of two 
pumps, formed each of a rectangular box, moving horizontally in 
the right angle formed by two fixed planes. A partition, tixed 
perpendicularly in the intersection of the two planes, and fillin 
the section of the box, performs the office of a fixed piston, aud 
separates the two cavities of the box, which fill alternately, as 
they are extended. The box slides in grooves adjusted on the 
fixed planes, each governing the slide valve of the other. It 
would be very desirable that regular experiments should be made 
with these instruments, which would be very rapidly adopted by 
the pats could they confide in the register of the machines. 

M. Sacré (Belgium, 277) has exhibited an hydrometer for dis- 
tilleries. The liquid is measured as it leaves the still, ab the same 
time that a small quantity of liquid, variable at pleasure, is pre- 
served at each measuring, and conducted into a special receptacle, 
which allows of recording readily the mean density of the liquid 
distilled. : 

Section II.—Cranes. 


The principal kinda of machines for lifting exhibited, are either 
cranes or jacks. ` 

With the cranes are rauged those called Derrick cranes, pre- 
senting geucrally an extended basis, and consequently great 
stability. Cranes properly so called are either fixed or movable, 
worked by hand, steam, or water. We remark in the two first 
classes the system of M. Neustadt, exhibited by J. F. Cail and Co. 
(France, 1144), and C. Fauconnier (France, 1161), which consists 
in applying to cranes the Galle chain. This chain, formed of 
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plates of wrought-iron united by pins, has no forged jointa, and 
presents a very great solidity. It adapts itself to the teeth of a 
pinion, and the free extremity of the chain is received into a box 
or directed into a sheath. This system presents over the others 
the advantage of doing away with the drum and one of the co 
wheels, seeing that the diameter of the pinion is about one-thi 
of that of the drum; of avoiding the oblique winding of the chain, 
and consequently of notably simplifying the construction of cranes. 
An experience of seven years has eonfirmed the use of cranes with 
the Galle chain. Nearly 500 of them have been constructed, and 
are used iu large establishments. Amongst the moet important 
are those of the Imperial Marine of France. 

A crane moved by hydraulic pressure forms part of the exhi- 
bition of Sir William Armstrong and Co. (United Kingdom, 
1785), and which also appeared in the Exhibition of 1851. The 
drum is totally suppressed: the chain of the crane when it reaches 
the head of the vertical standard is passed over pulleys; one of 
the pulleys is fixed, and the other is set in movement by a piston 
of an hydraulic press. The rotation of the crane is also effected 
by the pressure of water. This crane is suitable for a locality 
where water is distributed at a high pressure. It can be fed from 
a high-pressure hydraulic reservoir, the reservoir itself, fed by 
force pumps driven by steam, furnishing an advantageous means 
of replacing the continuous work of the machine by the inter 
mittent work of the crane. The Armstrong system comprehends 
also a capstan moved by water under high-pressure. Three 
pumps are thus put in motiou, and work together on a horizontal 
shaft carrying a conical pinion which works aguinst a wheel fixed 
at tho base of the capstan. 

Messrs. Ransomes and Sims (United Kingdom, 1961) have 
exhibited a portable steam-engine which can act as a steam cap- 
stan. A winding drum is placed beneath the boiler; it is driven 
bya obl toothed wheel, put in motion by the steam-engine 
situated over the boiler. The whole of this arrungement is 
ingenious; but it may readily be understood that this machine 
cannot exercise very great power. The machine exhibited could 
only raise 25 cwt. The most usetul application of it would be in 
the raising of building materials. 

The hydraulic lifting jacks already seen at the Exhibition of 
1851 have become more numerous. In thoee of Messrs, Adamson 
and Co. (United Kingdom, 1780), the oscillations of the lever in 
raising are lessened by an angle block which butts against the 
head of the jack. It is only by moving the lever laterally on its 
axis that the stopping of the operation is prevented, and that the 
water from the bottom of the press is allowed to pass into the 
head of the jack, causing at the same time the lowering of the 
object lifted. With the machine of Messrs. Tangye, Brothers, 
and Price (United Kingdom, 2002), the lowering is obtained by 
a special screw. These instruments are simple, and offer great 
advantages over those with rack wheels. 

We must also draw attention to the crab of Mr. Winand 
(Belgium, 28), set in motion by an endless screw which can guide 
the gearing but cannot be moved by it. The lowering of the 
weights can only be obtained by turning a handle in the opposite 
direction, or by unwinding the screw when a rapid movement is 
desired. 

Secrion [TL—Pitine ENGINES. 

The Jury have granted no awards in this section. 

P. Lvvrr, Reporter. 


Subdivision V.—Weighing, Measuring, and Registering Machines 
Jor Commercial Purposes. 
Section I.—CommerciaL WEIGHING INSTRUMENTS. 


In theae some very excellent instruments are exhibited of 
simple construction, beauty of design, and of very superior work- 
manship. Several cranes have weighing apparatus attached to 
them, so that the weight raised may be weighed at the same 
lift—a very evident advantage. ; 

C. Schember, Vienna (Austria, 581).—Centimal and decimal 
weights. Medal awarded. Good workmanship, practical utility. 

Z. Deschampe, Geneva (Switzerland, 107).—Aasaying balance, 
good design, good workmanship, accurary, and sensibility. Medal 
awarded. . 

B. Grabhorn, Geneva (Switzerland, 108),—Assaying balance, 
good design, good workmanship, accuracy, and sensibility. Meda 
awarded. 

M. A. Hasemann, (Prussia, 2041).—Scales with column. Ho 
nourable mention. 
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E. Pfitzer, (Saxony, 2326)—Decimal weighing machines, 
balances, &c. Honourable mention. 

Prof. C. A. Klingenfeld, (Bavaria, 175)—Scales invented by him. 
Honourable mention. 

N. Obach (Belgium, 272)—Weighing machine. 
mention. 


Sscrions II. & III.—REGISTERING INSTRUMENTS, AS GAUGES, 
INDICATORS, AND TELL-TALES. 

Great improvements bave taken place of late years in articles 
under these heads, and have thereby contributed greatly to 
reduce accidents in steam-boilers, by accurate notation of pressure, 
height of water, &c. The steam gauges exhibited are in most 
cases constructed with dises of thin metal, corrugated and plain, 
secured and made steam-tight at the outer edge, the pressure 
acting upon the surface, and the amount of deflection is 
communicated to a movable pointer, which indicates upon 
a dial the exact amount of pressure. Others are constructed 
with diaphragms of india-rubber, the pressure being met 
with spiral or volute springs, and the motion communicated 
as above. The bent tube manometer of Mr. Bourdon is a 
most ingenious and correct indicator of pressure, and under all 
circumstances the best in the exhibition. Indicators and tell-tales 
of simple construction and practical utility are well-represented. 
For the most part these are automatic, being self-acting for the 
regulation of feed-water, and giving notice by whistle of condi- 
tions where it is necessary to call attention. 

Allen, Harrison, and Co., Manchester (United Kingdom 1782)— 
Gun-metal fittings for steam-engines. Medal awarded for 
workmanship and general excellence. This firm exhibit a very 
excellent safety plug for steam-boilers; a valve seat is placed or 
fitted into the boiler flue over the fire-place, having a lid or valve 
with perforations filled with metal fusible when not covered with 
water. 

Frieake and Gathercole, Mark Lane (United Kingdom, 1857) 
—Salinometers, telegraphs, indicators. Medal awarded for good 
workmanship, &c. E 

Routledge and Ommaney, Salford (United Kingdom, 1972)— 
Engine-pumps, boiler-feeders, magnetic machines for separating 
iron and brass. Medalawarded. Practical utility. A very use- 
ful and efficient boiler-feeder is exhibited by this firm, which ma 
thus be briefly described. A small close cistern, through whic 
the feed-water passes, is placed in connection with the boiler; 
steam is first admitted into the cistern and afterwards condensed 
with a small quantity of cold water, thus forming a vacuum, 
which by a self-acting arrangement causes the cistern to fill with 
water from the hot-well of the engine or any convenient source. 
Steam is then admitted so as to act with equal pressure to that 
in the boiler, and the water eutera the boiler by its own gravity: 
this apparatus is very perfect in its action, and will feed with 
water at any temperature below 200 degrees. 

G. Salter and Co., West Bromwich (United Kingdom, 1978)—— 
Spring balances, dynanometers, pressure gauges, &c. Medal 
awarded. Excellent workwanship, practical success. These owe 
their efficiency to well-tempered springs, and are not surpassed. 
The pressure guages act by means of the steam or the water pass- 
ing against au india-rubber plate, on which lies a metallic plate 
with rod in connection with the mechanism, and which is kept 
down by one of Salter’s springs. 

J. Chandler, Mark Lane (United Kingdom, 1817)— Flat glass 
water-gauge for boilers. Honourable mention. 

Smith Brothers, and Co., Nottingham (United Kingdom, 1991) 
—Pressure and vacuum gauges Honourable mention. These 
gauges are on the principle of Salter’s, excepting that a volute 
spring, instead of a pital is used, a diaphragm of india-rubber 
preventing the passage of steam. 

F. Wise, Adelphi, (United Kingdom, 2028).—Feed water regu- 
lator, indicators, alarm for steam boilers. Honourable mention. 
The regulator for steam boilers consists of a copper float attached 
to a lever within the boiler: to this lever is connected a small gun 
metal slide, which rises and falls with the float, and when the 
water level is slightly iu excess of the proper height, opens a port 
whereby air or steam is admitted to the suction pipe or working 
barrel of feed pump, thereby suspending its action until the 
water is below or at its proper level. 

J. White, Borough (United Kingdom, 2021).—Engine oil 
feeders, &c. Honourable mention. l 
_ E. Bourdon. Paris (France 1156)—Mauometers, barometers, 
injectors, centrifugal pumps, &c. Medal awarded. Originality 


Honourable 
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of design; good workmanship of the several articles; practical 
success of manometersand barometerg& Mr. Bourdon has a very 
interesting erhibition of pressure gauges, vacnum gauges, 
meters, &c. These are based on the principle of the distortion of 
tubes having elliptical sections by an internal pressure, and 
torsion or twisting by external pressure. In these pressure 
gauges a curved tube of elliptical section is fixed at one end, both 
ends being hermetically sealed. Steam is admitted, which has a 
tendency to straighten or uncoil the tube; the other end is 
attached by a Sall link and lever to an indicating finger. Mr. 
Bourdon also uses a twisted tube, in the form of a quick-threaded 
screw: steam being admitted has a tendency to untwist the 
tube, and the motion is communicated to the indicating finger as 
before. 

A gauge for very high pressures is made by having two curved 
tnbes, filed with water, in connection, one being securedin a 
vessel so as to be acted upon externally. This causes a pressure 
to act upon the Sosed cubs internally, and the movement is 
communicated to dial as before. 

Mr. Bourdon also exhibits several modifications of a mode of 
raising water by jets of steam, which are in all respects on the 
principle of Giffard’s injector for feeding boilers. 

L. J. F. Desbordes, Lyons — France, 1160.—Manometera, pyro- 
meters, barometers, &c. Medal awarded. Good workmanship; 
practical success. 

Desbordes and Rodault, Paris—France, 1139.—-Manometers &c. 
Honourable mention. These manometers act by pressure upon a 
flexible disc, which gives its indication upon a dial by means of a 
lever and toothed quadrant working into a small pinion on 
the point of the indicating needle. 

A. Achard, Paris—France, 1023—Electro-magnetic safety 
apparatus. Medal awarded. Ingenious and origival design. 
This machine is very perfect in its action; and in addition to its 
being a self acting regulator of the supply of feed-water to the 
boiler, gives notice by ringing a bell of any derangement under 
the following circumstances:— 

When the water is too low or too high; when the steam is too 
high; when the feed-pump is out of order; and, when tle 
apparatus itself ceases to act. 

F. T. Moison, Mouy— France, 1171.—Dynanometers. Medal 
awarded. Original design; practical utility. The dynanometers 
of Mousieur Moisou are very ingeniousand practical; the driving 

ulley gives motion to the machine to be tested through three 

vel wheels in the usual manner, one being placed upon an axis 
at right angles with the other, its fulcrum being the shaft upon 
which the other two wheels revolve. The power is registered by 
dials acted upon by the spindle upon which the intermediate 
bevel-wheel is placed. Monsieur Moison also exhibits a steam- 
engine and water wheel governor; theformeracte much inthe same 
manner as the dynamometer, a fly-wheel being driven by wheels 
upon a balance lever, upon one end of which is a weight tending 
to depress it. When the speed of the engine is such as to overrun 
the fly-wheel, the weight is raised and the throttle valve closed; 
the latter is a pendulum or ball governor, running horizontally, 
having a spring’ to counteract the tendency of the balls to 
expand. On one end of the governor spindle is fixed a spur- 
wheel, which gears into another running loose upon a shaft, 
parallel with governor spindle: on the opposite end is a conical 
pulley, giving motion by means of a strap to another pulley 
which runs loose on the same spindle as that on which the spur- 
wheel is placed. The strap is moved by means of the ball 
overnor; giving a varying speed to the driven cone pulley. The 
riven spur-wheel and driven pulley are connected by means of 
an intermediate bevel-wheel, and when the speed of one exceeds 
that of the other, a motion is communicated so as to open or close 
the water aluice. 

David Brothers, and Co., Port Quentin—France, 1106.— 
Instrument to test the strength of thread. Honourable mention. 

Dedieu and Co., Lyon —France, 1159.—Manometers. Honour- 
able mention. In this the steam acts upon a disc of metal, motion 
being communicated to the indicating needle by an eccentric and 
levers, a coiled spring preventing any play. 

P. Renaud, Nantes—France, 1141.—Float for steam boiler, and 
alarm. Honourable mention. 

Lethuillier-Pinel, Rouen—France, 1140.—Magnetic indicators 
of water level. Honourable mention. In this a magnet, moved 
by a float inside the boiler, causes a small light steel roller to rise 
and fall outside a face plate on top of boiler, and indicates cor- 
rectly every change of level of water. 
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J. C. Gore and Co, Jamaica Planes—United States, 36.—Belt 
shifter. Medal awarded. Originality of design; probable utility. 
A very simple and effective invention. The belt shifter is moved 
and locked by one motion, thereby preventing the possibility of 
accidental movement so as to prevent the starting of any machine 
at an improper time. 

8. Elster, Berlin —Prussia, 1395.—Gas-testing apparatus. Me- 
dal awarded. Originality of design, good arrangement, and good 
workmanship. 

A. Sacré—Belgium, 277, hydrometer. Honourable mention. 

Near and Co., New York City—United States, 27.—Dynamo- 
meter, good arrangement, practical utility. Medal awarded. 
This is a very ingenious machine, but difficult to describe without 
a drawing: two pulleys are mounted upon a spindle, one being 
connected with the motive power, the other with the machine to 
be set in motion, one being loose, the other fast; the former exerts 
its power upon an inclined plane which acts longitudinally upon 
two spiral springs, and these indicate their pressure on a scale or 
counter fixed to the framework of the machine. This counter, 
besides being actuated by the force and motion of the driving 
pulley in an uniform mauner, is caused to revolve in an increasing 
ratio as the pressure or force increnses, by means of a cone which 
advances or recedes with the spiral springs, and which gives its 
motion to the counter by a friction roller. 

Bockenhagen—Mecklenburg-Schwerin, 37.—Spirit gauge. Ho- 
nourable mention. 

E. Drewitz—Prussia, 1295.—Alcoholometer for quantity and 
strength. Honourable mention. 

Schaffer and Budenburg—Prussia, 1316.—Manometers; steam- 
engine fittings. Honourable mention. These manometers act by 
pressnre upon a corrugated plate of metal, and give motion to the 
needle by a lever and toothed quadrant and pinion; they have 
proved very effective in practice, and can be relied on for their 
accuracy. 

O. M. Hempel—Prussia, 1404.—Steam-pressure gauge. Hon- 
ourable mention. 

Watremez and Kloth—Pruassia, 1325.—Black’s safety appara- 
tus to prevent the bursting of boilers. Honourable mention. 

D. A. Léhdefink—Hanover, 379.—Manometers. Honourable 
mention. 

J. J. Gutknecht—Switzerland, 154.—Apparatus to measure 
spirits and water: dry gas meter. Honourable meution, 

Waltjen and Co.—Bremen, 6.—Friction balance and oil test. 
Medal awarded. Good design, practical utility of oil test. This 
apparatus is intended to determine the description of oil best 
suited for lubrication of shafta at certain given velocities. 

A shaft supported on two bearings is fitted with a sliding fric- 
tion pulley, driven from a friction dise, placed at right angles to 
the shaft. The sliding friction pulley is movable from the centre 
of the dise to its circumference, so as to allow of increasing or di- 
minishiug the speed. One end of the shaft is fitted with a worm 
gearing into a worm wheel, which registers the number of ita 
revolutions. The other extremity of this shaft is fitted with a 
collar, and upon this collar the balance disc is supported by a 
segment of a step. The balance is weighted by two pieces of 
metal of equal weight, suspended from the two ends of a strap 
which passes over it. On each side of the balance a knob is cast 
to the circumference, one of which kaobs is bored out to receive 
a cylindrical weight, which screws in and out. The various parts 
of the balance are so adjusted that its point of gravity falls a little 
below its centre, aud a hand fixed at the lower extremity of the 
balance shows when it is in a vertical position and accurately 
balanced. The oil-cup passes through the centre of the step seg- 
ment to the point of contact with the collar. The apparatus 
being put in motion, the smallest amount of friction will tend to 
raise that side of the balance which is fitted with a sliding weight, 
which is thereupon screwed out so as to increase the weight on 
that side until the friction is counterbalanced, when the scale 
marked on the sliding weight will indicate in pounds and ounces 
the amount of friction on the collars at the given speed with the 
oil used. On testing various kinde of oil at the same speed, it 
will be easy to ascertain which quality produces the least amount 
of friction. 

J. Adcock, Dalston—United Kingdom, 1781.—Distance indica- 
tor for wheel-carriages. Honourable mention. A small air 
cylinder is fixed vertically to the axle of the carriage near the 
wheel, and communicates by means of a non-flexible india-rubber 
tube, with a second air-chamber; being part of a clockwork which 
renders the number of revolutions of the wheel. The boss or 
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nave of the wheel is fitted with a curved arm or rod, which after 
each revolution of the wheel depresses one arm of a bell crank 
lever, the other arm of the same acting upon and depressing the 
piston rod, which is attached to the centre of an india-rubber dise 
with which the cylinder is fitted: on the disc being thus depressed 
a portion of the air in the cylinder will be forced through the 
tube to the air-chamber of the clock-work, and inflate the india- 
rubber disc or bag of the same. The centre of the disc is con- 
nected with a pall of a ratchet-wheel, and each time the air is 
forced into the air-chamber, the pall will rest upon the ratchet- 
wheel and cause it to move forward one tooth, and thus register 
by means of the clock-work the distance passed over by a revolu- 
tion of the wheel. The arm of the nave having passed the arm 
of the bell-crank lever, the disc in the cylinder will, by its own 
elasticity, or by means of a spring, rise and again admit the air 
into the cylinder. The same body of air being passed to and fro 
between the cylinder and the air-chamber, and no valves being 
EE The apparatus is at once simple and effective, and not 
liable to get out of repair. 

R. MA R. Bodmer—U nited Kingdom, 1801.—8Safety-valve.— 
This being exhibited by a Juror could not be made the subject of 
an award, but the Jurors wish to record their appreciation of it. 
The uliarity of this valve consists iu the valve edge being 
raised by a columu of steam or water, entirely independent of the 
escaping steam; a tube formed in the centre of the valve is con- 
nected by means of a pipe with the steam &pace or water of the 
boiler; at its upper end this tube is enlarged, and forme a piston 
of the diameter of the valve; and the valve cap, made in the form 
of an inverted cylinder open at the bottom, fits on the piston, and 
resta on the valve seating in the usual manner. When the steam 
pressure exceeds that to which the cap is weighted, the steam or 
water, acting upon the end of the inverted cylinder valve cap, 
will lift the same in portion to that pressure; but on any 
sadden accumulation of steam taking place, the valve will at once 
open to its full extent, and immediately relieve the boiler of its 
surplus pressure. 

ith a slight modification, valves on this principle can be con- 
structed with a lifting area of exactly one square inch, less or 
more, whilst the diameter of the valve may be three, four, six, or 
more inches. 

‘these valves are particularly adapted for being weighted direct, 
by means of weights or springs. 

F. Normand, Paris—France, 1179.—Improved method of cor- 
recting the error of the universal joint in transmitting motion. 
Medal awarded.—Originality of design, practical success. 

J. N. Mauzaize, Sen., Chartres—France, 1197.—Engaging and 
disengaging gear. 

The Reporter of the foregoing articles under Subdivisions II. 
and V, has preferred giving a short general report, and has added 
a more detailed description under the head of exch, where he con- 
sidered the articles deserve special notice. 

J. Hicx, Reporter. 


—— 


PAPERS ON HYDRAULIC ENGINEERING.* 
By Sauvet McErnor, C.E. 
No. 2.— Distribution-—(continued). 

Tuberculation.—In addition to the ordinary process of oxidation 
to which iron is subject, cast-iron water pipes are peculiar 
liable to the production of internal accretions or tubercules, whic! 
restrict their calibre and discharge, and involve a chemical action 
destructive to the metal. 

Of these evils, the former is the most importaut, since the 
gradual or partial loss of section, by irregular accretions, exerts 
an influence on the immediate usefulness of the pipes, which 
exceeds any question of cost in eventual replacement. 

We have bad frequent occasion to notice the rapid destruction 
of wrought-iron produced by sea water, in which particular veins 
aud portions of the iron are the most rapidly injured, showing 
that the relative constituents of the special forging exposed 
determine tbe rapidity of this action; and from frequent observa- 
tion of like action on cast-iron water pipes by fresh water, it is 
plain that this chemical process, though less formidable in degree 
in this case, is attributable to the same laws. 

We are informed that in the miuing pumps of the Pennsyl- 
vania coal region, it is not uncommon to bave the lower pipes 
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entirely destroyed in process of time by a change into plumbago, 
from water action; and instances ure on record in water works 
experience, where the entire castings of the mains have been 
gradually transformed, retaining the form, but completely alter- 
ing the substance, in certain local cases. 

Observations were recorded in the * Edinburgh Philosophical 
Journal, in 1822, by Dr. J. Macculloch, on the production of 
biack-lead from cast-iron, under experiments with sea-water, 
porter, acids, &c.; which have been recently extended by Dr. 
Crace Calvert, as noticed in the ‘London Engineer,’ of January 
1862, demonstrating the formation of plumbago from cubes of 
cast-iron. 

From 1838 to 1813, in England, Mr. Robert Mallett made 
investigations of the oprrations of water on iron, in reference to 
water-pipes, of which the results are thus Btated to the British 
Association for the Advancement of Seience:— 


“ He found that any sort of iron cast or wrought corrodes when 
exposed to the action of water holding air in combination, in one or other 
or some combination of the following forms,—viz. 1. Uniformly, or 
when the whole surface of the iron is covered uniformly with a coat of 
rust, requiring to be scraped off, and leaving a smooth, red surface after 
it. 2. Uniformly with plumbago, where the surface as being uniformly 
corroded is found in some places covered with plumbagenous matter, 
leaving a piebald surface of red and black upon it. 3. Locally or onl 
rusted in some places. and free from rust in others. 4. Locally pitted, 
where the surface is left as in the last case, but the metal is found unequally 
removed to a greater or leas depth. 5. Tubercular, where the whole of 
the rust which bas taken place at every point of the specimen, has been 
transferred to one or more particular points of its surface, and has there 
formed large projecting tubercules, leaving the rest bare. 

The great elements of difference of corrosion as respects the iron itself 
appear to be:— 

1. The degree of homogeneity of substance of the metal, and especially 
of its surface 

2. The degree of density of the metal, and state of its crystalline 

ement. 

3. The amount of uncombined carbon or suspended graphite contained 
in the iron. 

And therefore that the more homogeneous—the denser, harder, and 
closer graiued and the less graphitic—the smaller is the index of 
corrosion." 

From examinations of the Cochituato mains, made by Prof. 
Horsford in 1853, he expressed the opinion that— 


“There has been galvanic action arising in one class of cases from the 
contact of metals of unlike affinity for oxygen, and generally from a want 
of homogeneity of the iron, and to this more than any other agency is to 
be ascribed the rapid formation of accretions.”—Cochituate Water Report, 
January 1853. 


While the law of this action is universal, and its effects are 
always to be anticipated, the degree of action is modified by the 
special conditions of any particular system of mains. Quality of 
water, BM of flow, temperature, and other circumstances, in 
connexion with the special quality of the castings exposed, may 
accelerate or retard these formations: and our information as to 
their existence and effects, however well established as to the law, 
is somewhat defective in special records, partly because the action 
is hidden from sight, and partly because, when exposed, it is 
customary with water works administrations to conceal or deny 
the existence of defects. 

Some of these effecta may be thus briefly noticed:— 

It was observed at Grenoble, in France, that the cast-iron feed 
main had reduced its flow on this account, between 1826 and 1833, 
from 370 to 190 wine gallons per minute. 

It was noticed at Cherbourg, that from 1836 and 1838 to 1850, 
the effective sectiou of the supply main had been reduced to less 
than one third its original calibre, the accretions being 1:575 to 
1:968 inches in height. 

In the reports of the water works in England, numerous 
instances are recorded of the effects of tuberculation, which are 
also prominently noticed in locomotive boilers, and other kinds of 
ex iron work. 2 

n 1852, Mr. E. S. Chesbrough, Enzineer of the Cochituate 
Board, Boston, reports that— 


“The rapidity with which the interior surfaces of some of the pi 
have been covered with tubercules or rust, has excited a great deal of 
interest. . . . All the large pipes that have been opened have been 
partially or entirely covered on their inner surfaces, some with detached 
tubercules varying from a half to two and a half inches base, with a 
depth or thickness in the middle of from one-quarter to uarters of 
an inch; and some entirely to an average depth of half an inch, with a 
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rough coating, as if the bases of the tubercules had crowded together. 
The smaller pipes all exhibit some action of this kind, but generally toa . 
less extent as regards thickness than the larger ones. In one case, 
however, a four-inch pipe waa found covered to a thickness of about one 
inch." 

In 1853, the Cochituate Board remarks— 

“The extent to which these accretions have affected the discharge of 
water from the pipes, by diminishing their area and increasing the friction, 
has been satisfactorily ascertained by observations made by the City 
Engineer, with great care, on one of the 30-inch mains across Charles 
River, and is found to be much greater than was anticipated. The loes 
of discharge under the common head of six inches was found to be 
upwards of twenty per cent. of the known discharge of a new main of 
like diameter. Similar observations on the 30-inch main from the Brook- 
lyn Reservoir, under the ordinary head of 8 feet, gave the same result." 

This action at Boston was very carefully recorded for a time, 
demonstrating a very serious injury to the whole distribution 
system. The board, however, seems to have consoled itself at 
last with the theory that the action exhausted itself at a certain 
B oe and continues to extend the service with cast-iron pipes. 

he effective diameter of the 20-inch main of the Jersey City 
Water Works, recently examined, was found to be less than 
18 inches. 

Considerable reduction from tubercules is recorded on the 
Croton mains and smaller pipes. 

From the action of the water on the pump valves and other 
engine castings of the Brooklyn pumping engines, the discoloura- 
tion of the water at fires, and other evidences, this action is 
serious on the unprotected Brooklyn distribution. 

Similar effects are recorded in various other water works of the 
United States in confirmation of what may be properly assumed 
as a law of chemical action, more or less powerful in special 
localities. 

Preventives.— V arious efforts have been made to apply washes, 
paints, and varnishes, by different processes, so as to prevent 
contact between the water and iron, in castings as well as 
wrought-iron work. A galvanic action has also been provided 
hy coatings of zinc and other metals, and various enamellin, 
processes have been invented. Among these may be mention 
white-wash of pure lime, a wash of hydraulic cement, linseed oil 
applied under pressure, a composition of oil and wax, copal and 
other varnishes, lead and zinc paints, and coal tar varnish or 
paint. And all of these, including galvanism and enamelling, 
experience goes to show that they have various special merits as 
wells tired ut no permanent power as pee Paints of 
all classes need periodical renewal; varnishes and enamels sooner 
or later peel off or wear otf; and galvanism simply delays by 
destruction in one direction the eventual process of destruction in 
another. To make either palliative effectual, even for a time, 
requires careful and expensive workmanship, and the point of 
final failure is merely a question of time, which question should 
properly determine the propriety of its use, in connexion with the 
relative cost of use, in those cases where want of access prevents 
renewals. E 

On large dry-dock gates and caissona of wrought-iron, exposed 
to sea water, without excessive motion, we have found a body- 
coat of red lead, with super-coats of zinc paint, the most durable 
and satisfactory; while for the iron work of steamer water-wheels 
and other parts much exposed, coal tar paint, though requiring 
frequent renewals, is more easily applied, and probably more 
effectual. Various experiments which have been made with 
coal tar varnish in contrast with other coatings, seem to favour it 
strongly when applied to a hot and clean surface, although its 
advocates admit its defects when not thus applied. Hence this 
process has been adopted in several water-supplies in England, 
and is being introduced into this country to a considerable 
extent. The large mains at Brooklyn, with those now used for 
extensions, and the 5-feet maius of the Croton extension, are 
thus coated. Other water works are following this example, all 
the pipes required for the Charlestown Water Works, now going 
under contract, being specified with this protective, in case cast- 
iron pipes are used at all. 

As now applied in this process, the pipes are dip in a 
varnish-bath maintained at a temperature of 300? when first 
cast, or are oiled to prevent rust until they can be coated. The 
additional cost is about $1:25 to $150 per ton. The pipes bein 
laid, renewals in coating are prevented, and its duration wi 
vary with circumstances, being in some cases a matter of years, 
in others, of months and weeks. Of the mains coated by Dr. 
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Smith’s ‘process at Glasgow, for the Brooklyn works, many of 
* those exposed in the pipe-yard for afew months lost their varnish 
from the effecta of the weather, while others remained in good 
condition, and all the coatings hitherto applied can only be 

ed as palliatives. 

ile it is fixed and certain, that no engineer is justified in 
laying unprotected cast-iron pipe, the protections themselves 
require careful study, and the most faithfal application. 


Wrought-Iron Cement Pipe—Among other subetitutes which 
have been adopted for water pipes, those of wrought-iron riveted 
in per lengths, and lined and coated with a thick body of 
hydeeclis cement mortar, have been very extensively used 
in this country within the fifteen years. The several 
lengths are put together by butt joints secured by sleeves, filled 
in with cement to prevent leakage, or by cast-iron habe protected 
by mortar from contact with the water. The pipes, by one 
process in use, are lined with mortar applied under strong pres- 
sure, and coated when laid in the trench; and by another process 
they are both lined and coated under pressure at one operation. 
In one case the taps are inserted by brazing a tap plate and tap 
to the outer iron shell before the drill is ased; and in another, by 
the use of cast-iron rings tapped as in ordinary cast pipe. 

Without discussing the merits of the several patents which 
apply to details of manufacture, it is manifest that the pipes 
themselves embody an important principle of durability by the 
preservative effect of cement on iron, which excludes air and 

revents oxidation and tuberculation, and which oontinues to 
increase in solidity and strength with increased age. It is also 
manifest that any desirable measure of strength may be attained 
by regulating the quality and thickness of the iron body. The 
cement lining is not less than one half-inch thick for the smaller 
diameters of three and four inches, and by pressure is very firmly 
set to the iron plate. Pipes of this kind can be manufactured 
and laid with less cost than those of cast-iron, and have several 
valuable qualifications when properly put down. 


Lead Service Pipe.—Tho use of lead for house service from the 
street mains, although a matter of common practice, has given 
rise to elaborate investigations and discussions in Europe and in 
this country. This use has obtained against the serious objeo- 
tions urged against the material, on account of its pna its 
strength, and its sources of profit to plumbere, and some disad- 
vantages in manufacture or use of its occasional substitutes. Tn 
some cities however, as at Hartford, it is directly prohibited. 

From the investigations on this subject at Boston in 1848, 
about the time of introducing the Cochituate supply, it was 
determined to admit ite use. ile all the experiments showed 
that lead is dissolved by water, it was argued that the Cochituate 
was not more dangerous in this action than the Croton, and that 
“a coat forms on the lead, which for all practical purposes 
becomes in process of time impermeable to and insoluble in the 
water in which it occurs.” And this sums up all the chemical 
discussion in its favour,—viz. that the quantity dissolved is 
insignificant, andXhat the process is self-protective in time. 

It is plain however, from an examination of the varied analyses 
and discussions of this matter, that the defenoe is apologetic at 
the best; while, on the other hand, the doctrine of cumulative 
effecta, the voluminous testimony aa to lead diseases, the exten- 
sive prevalence of those which may be directly or indirectly 
attributed to the effecta of lead, as colios, paralysis, neuralgia, rheu- 
matism, &c, and the proof that at Boston and in other localities 
the coating is not a protective, certainly justify a distrust of this 
claim of immunity, and a general rejection of the material. To 
furnish an adequate and safe substitute certainly need not over- 
tax engineering skill. 

Appurtenances.—Of these stop-cocks and hydrants are the 
most important: the former being used to district the supply, 
for convenience of repaira and access, and the latter for fire pur- 
poses, street, washing, and other public uses. 

Among the various forms of stop-cocks in use, probably the 
best are those which are built with a globular head acting in part 
as an air chamber, and with a flaring groove for the gate. In the 
first case, greater strength is secured in a limited space; and in 
the second, the gates are prevented from jamming, as the larger 
ones are apt to do with too narrrow a groove, in working one 
brass face against another. Face joints are also preferable to 
lead joints, in obviating the necessity of caulking. Much incon- 
venience is often sided by improper arrangement ofthe sto k 
districts, where long distances are attempted to be controlled to 
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save expense in original construction, and it is desirable to con- 
dense these districts of control as much as possible. 

The ordi form of fire hydrant in use, as to the tube itself 
and not as to its case, seems to have been adopted from one city 
to another, with very little regard to ita purpose of operation. 
The range of ingenuity seems to have rested content with 
the automatic vent, which drains the tube above the valve 
when not in use, to prevent frost. In the ordinary tube the 
valve is operated within, by a rod passing through a stufíng- 
box in the tube-head, which raises and lowers it, to close or open 
the hydrant. Generally, a 4-inch hydrant main is attached tos 
three-inch vertical tube, with a two-and-a-half-inch nozzle, and the 
effective section of the hydrant is less than one-half the section of 
the branch main. Hence it follows that in consequence of ex- 
cessive hydrant friction, the supply ofa street main, six-inches in 
diameter, cannot feed more than two fire engines on the same 
block, through two hydrants, and our steam fire-engines are 
obliged to pat a suction on the hydrant nozzle to get their supply 
at all. 


Now it is evident, that if there is any propriety in using foar- 
inch branches, there is none in using hydrants throttled down by 
rade, internal working parts to effective sections of less than one- 
half the branch calibre; and with the universal introduction of 
steam fire engines, all the present system of branches and 
hydrants must be ong wich There is no mechanical difficulty 
whatever in making hydrant tubes with a free delivery equal to 
that of the branch, and this should always be done. 

In all cases where steam fire engines are provided for, the 
hydrant nozzles may be adapted by the use of a double nozzle, 
either to the ordinary hose connexion, or a steamer connexion of 
the fall hydrant size; but the best way to arrange them is to 
make a full-size hydrant nozzle, using a set of reducers for 
ordinary fire hose. Instances abound in the experience of firemen 
where most valuable property has been lost, solely on account of 
excessive friction of hydrants, where time prevented the inter- 
vention of engines. 

The use of iron cases, both for hydrants aud stop-cocka, is an 
improvement on the ordiuary wooden boxes, which ehould be 
made universal, as a matter of economy, science, and ornament. 

The following table will illustrate the relation of appurtenances 
to mains adopted in the case of a single prominent supply:— 


Aggregate Boston Distribution, January 1, 1862. 


Stop-oocks ..| 4 
Hydrante .. 


On this work all the wooden boxee which are replaced are 
Burnetized to prevent decay. 

In this rapid sketch, in which the discussion of details is not 
admissible, we present as to distribution, some of those prowr 
nent features which directly affect its coat, durability and useful- 
ness, aud which involve systems of practice more or less oommon 
and in some cases objectiouable, with the hope that inventive 

enius, prompted by general assent, may mark out the most 
Easible and satisfactory correctives for our adoption. 


(To be continued.) 
mL 


WARMING AND VENTILATION AS ILLUSTRATED AT 
THE INTERNATIONAL EXHIBITION, 1801. 


PrnHAPS from the absence of any mention in the Official pro- 
gramme of the objects comprised under the above head, and the 
attendant uncertainty as to the class in which applications for 
space should be made, the number of contributions connected with 
systematic warming and ventilation was proved to be very limited. 
Among the British exhibitors were only to be found tbe name 
of Perkins and Rosser (Sylvester); nor were there any illustre 
tions of the practice of Reid, Gurney, Arnot, Haden, Price, and 
others whose works are numerous throughout the country. 

It is particularly to be regretted that foreign engineers and 
manufacturers should not have been induced to send some spec- 
mens of the works in which the Paris Exhibition of 1855 was 
rich, and which might have been studied with great advantage 
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by their co-laborateurs in this country. The ingenuity and science 
displayed in some of their caloriferes would have been an example 
to British manufacturers; while the art of painy improvement 
and systematic ventilation would have been much elucidated if 
MM. Thomas and Laurens, Duvoir Leblanc, Grouvelle, and 
others had exhibited apparatus, models, or plans. It is to be 
hoped that any future international Exhibition may comprise a 
distinct subdivision for the objects assigned to this class. 

The whole Exhibition presented only three or four illustrations 
of the application of systematic ventilation and heating to large 
structures. These were the Imperial and Royal Military Hospital 
at Vienna, the designs for a Theatre in Paris, the new buildings of 
Guy's Hospital in London, and a County Prison at Canterbury. 

e system adopted in the Vienna Hospital was illustrated by 
drawings exhibited in the western annex, Austrian department, 
Class X., and by a amall blowing-machine of the kind employed 
(No. 630). 

The portion of this building shown on the drawings oonsisted 
of two stories, each floor comprising two wards of thirty-two and 
sixteen beds each respectively, placed end to end, with windows 
on both sides; those on one side looking out over the exterior 
space; and those on the other into a close corridor running 

lel with the length of the wards. This plan will probably 

considered as rendering the building greatly dependant for the 
sanitation of its atmosphere upon artificial or systematic ventila- 
tion. 

The permanent ventilation of the hospital is effected by insu/- 
ftation, the apparatus employed for Toring in the air being the 
newly-invented blowing-machine of Dr. Heger. 

The fresh air is taken from the exterior at the back of the 
building, by a small fresh-air shaft of low altitude, provided at 
the top with a contrivance for directing the descending current, 
which passes into a subterranean channel in which the blowing- 
machine is fixed. The machine is worked by a small steam- 
engine, and is stated to be capable of supplying 7000 cubic metres 
of air per hour, equivalent to abont 40 cubic feet per patient per 
minute. 

In cold weather the air of ventilation is warmed in its 
prae by clusters of small steam-pipes placed in a cham- 

in the basement under the oentre of each ward; the 

delivery into the wards being by an open-work pedestal 
placed in the centre of the ward. Tubes inserted into the 
pedestals of the ground-floor wards take up to the pedestals on 
the first floor their due proportion of air. The vitiated air is 
evolved from the wards ibrongh ventiducts contrived in the ex- 
ternal walls, having their exterior outlets in the vertical face of 
the wall at about the level of the ceilings; and openings into them 
from the wards, both at the floor and near the ceiling. Both the 
internal and external apertures have regulating valves. The 
ventilation is independent of the warming, the latter being par- 
tially effected by coils of steam-pipes placed in pedestals along 
the centre of each ward. The plan adopted is reported as being 
satisfactory to the military authorities. The machine is stated to 
require only } of à horse-power to work it, and to utilise 55 per 
cent. of the power employed. * 

The designs for a Lyric and Dramatic Theatre, exhibited by 
M. Barthélmy (France, Class X., No. 1292), have received 
honourable mention from the Jurors for the arrangements for 
warming and ventilating. The plans, which were very compre- 
hensive and elaborate, were however suspended at such a height, 
and had the specialities of the system of warming and ventilation 
so slightly indicated, as to leave the impression that the Jurors 
must have had a much better insight into the ideas of the exhi- 
bitor than fell to the lot of any ordinary observer. 

Some drawings were exhibited by Mr. S. Egan Rosser— 
Class X., No. 2399—to illustrate the application of Sylverter’s 

tem of warming and ventilation to the new buildings of Guy's 

ospital. In this building the winter warming is effected by the 
air supplied for ventilation. The wards are in pairs, placed: side 
by side, with occasional openings in the division wall for facility 
of communication. The fresh sir is taken from above the level 
of the highest roofs by a fresh-air tower, which has at its summit 
an octagonal lantern, within which a cowl, or shield, revolves 
according to the direction of the wind, to which its open side is 
always presented. Descending to the basement, the fresh air is 
carried in capacious channels to the extremities of the building; 
the several wards on each story receiving an independent supply 
by caliducts which are carried up in the division-wall between 

e wards In the basement, and ranged against the inlets of 
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the vertical caliducts, are tiera of iron pipes, heated in winter by 
the circulation of hot water, which warm the air in its ascent. 
The warmed air enters the wards through numerous apertures 
near the ceiling, and the vitiated air is withdrawn at openings 
near the floor. All the vitiated air-ducts are collected into a 
horizontal channel in the roof, which runs the whole length of 
the building, and discharges into a lofty ventilating shaft about 
160 feet in Bight. The ventilating shaft is whrmedby the smoke 
of the furnaces of the hot-water boilers and those of the warmin 
apparatus, and by tiers of hot-water pipes in the horizonta 
vitiated air channel. The ventilation is mainly effected by extrac- 
tion, assisted by the plenum influence of the wind; and las been 
found to range from 30 cubic feet per patient per minute for the 
night ventilation in the coldest weather, to 78 feet per minute for 
day and summer ventilation. There is no restriction upon the 
opening of the windows, which are freely used in mild weather; 
and the comfort of open fire-places is also provided in the wards, 
the smoke-flues from which are also conducted into the main 
ventilating shaft. 

The Kent County Prison at Canterbury, drawings of which 
were also exhibited by Mr. Rosser, is warmed and ventilated 
upon the system introduced by the late Mr. Sylvester at the 

odel Prison, Pentonville, and generally adopted in this coun- 
em There are however certain specialities of arrangement 
which the exhibitor considers improvements. These are—lst, 
The repartition of the fresh air into district sectional channels 
for the service of each floor, in which it is warmed by its own 
series of hot-water pipes, the circulation of which may be regu- 
lated or intercepted at pleasure; and 2nd, The increased power 
of extraction which is gained by bringing the vitiated ‘air down 
to the basement of the building, and there drawing it into the 
ventilating shaft, which may thus have a greater working height 
than when it starts from the roof of the building. The position 
of the ventilating fire at the bottom is also more convenient and 
a than when it is (as is usual in prisons) placed in the 
roof. 
Of the various kinds of apparatus for heating buildings on a 
large scale, the only complete full-sized specimens were those 
shown by Rosser, Staib, and Gervais. 

The * Low Temperature Air Warmer,” shown by the first of 
these exhibitors, is calculated to raise the temperature of 2250 
cubic feet of air 64° in a minute, with an average consumption 
of 14 lb. of coal per hour, and is stated to be adequate to the 
warming of a church or other building containing 150,000 cubic 
feet of space. The ari is of the hot-air class, and is con- 
structed of cast-iron, but the inventor states that by the large 
development given to the surfaces exposed to the air, as com- 
pared with the internal surfaces which receive heat from the fire, 
the overheating of the sir usually incidental to hot air atoves is 
entirely obviated, while, also, no part of the metal to which the 
fresh air has access is in contact with the fire. The extension of 
the exterior surface is accomplished within a very limited space 
by casting deep parallel laminated ribs or blades upon the exte- 
rior of the apparatus—the inner only of the blades being 
exposed to the heat, and their flat sides to the air. 

The Cast-Iron Calorifere exhibited by L. F. Staib and Co., of 
Geneva—Switzerland, Class X., No. 130—shows a remarkable 
similarity to the foregoing in the principle of its construction; 
the extension of the exterior surface being however effected by a 
combination of ribs and angular corrugations. This calorifere 
has a further resemblance to Rosser’s, in the mode in which the 
smoke is made to descend around the interior fire-box, and in the 
out-take below the ash-pit. The power of the apparatus is not 
stated, but it exposes, within a space about 2 ft. 8 1n. square and 
5 ft. high, a heating surface of about 140 ft. for a fire grate of 
one foot area, and wonld, probably, prove in practice a most effi- 
cient and economical warming apparatus. 

Another calorifere, by the same exhibitor, although intended 
as a pedestal stove, to be fixed in the apartment to be warmed, 
may be referred to as combining in an ingenious manner the 
former principle of construction with the use of smoke tubes. 
The fire-place is a close cockle or “ cloche," petegcns! on plan, 
with projecting flanges and studs to increase the surface and 
throw off the heat. This is surmounted with an upper receptacle 
having recesses on each side, in which sheet iron smoke tubes, 
that start from its /ower rim, are partly engaged. The smoke 
tubes re-unite over the apex of the upper chamber, and the whole 
is sarrounded by a cylindrical case, in which ample provision is 
made for the ingress and egress of the air. The stove exhibited 
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is stated to be capable of maintaining the temperature of an 
apartment containing 14,000 cubic feet at 59°; to which it is no 
doubt fully adequate. 

_The model of the Pneumatic Heating Stove, shown by R. 
Zimara, of St. Petersburg, in the Russian department—Class X., 
No. 316—has attracted some attention from its being an attempt 
to revive the notion of substituting fire-brick and earthenware 
for iron, in the construction of large heating apparatus. The 
model represents an apparatus on a large scale, calculated by the 
designer to maintain a uilding containing 130,000 cubic feet at 
the temperature of 60° to 66° Fahr. under 40° degrees of frost. 
The warmed air is intended to be admitted at a temperature not 
exceeding 100° Fahr., the highest temperature in the stove itself 
being 190°, and the smoke cooled down before escaping to 145°. 
The apparatus consists of a furnace in fire-brick, occupying a 
space of about 300 cubic feet. The smoke from the furnace tra- 
verses, simultaneously, a horizontal bed of seven earthenware 
pipes, 9 in. diameter and 9 ft. in length, to a common smoke 
chamber at the back, whence the smoke returns through a lower 
bed of the same number of pipes to another chamber behind the 
furnave; and from thence again, still on the descent, thrcugh a 
third and lowest horizoutal bed of pipes to the bottom smoke 
chamber at the back, and then into the chimney. The air to be 
warmed is introducad through ducts contrived in the body of 
brickwork around the furnace, and by a number of inlets under 
the lowest bed of horizontal smoke pipes; and the warmed air is 
taken off by arched outlets at the upper part of the chamber, 
groined into the brick vault which covers the whole of the 
apparatus. The arrangement of the smoke pipes is good, al- 
though by no means novel; and bears a strong resemblance to 
a system patented a few years back by M. de Jong, which it 
imitates closely in its inadequate appreciaticn of the necessary 
rate of ventilation required in a building of the extent to which 
such an apparatus would be adapted, and the very insufficient 
provision for effecting it by means ofthe ash-pitin draught. The 
practical difficulties which have prevented the substitution of fire- 
brick or earthenware for iron in the construction of warming appa- 
ratus, are not overcome in M. Zemara's Pneumatic stove. The ten- 
dency of the brickwork of the furnace to fall to pieces, of the pipes 
to crack, and their joints to open, is not counteracted or eveu 
aen jar to be guarded against; and the result which has hitherto 
attended all contrivances of this kind—viz, the mixing of the 
smoke with the air may be regarded as inevitable. In other 
respects the great bulk of the apparatus, and its cost as compared 
with the much smaller and more efficient iron caloriferes, would 
be a serious impediment to its use. 

A Calorifere, à eau chaude ef à air libre, was exhibited by 
A. Gervais, of Paris (France, No. 1129) This is a coinbined 
apparatus for warming air by direct contact, and by hot water 
circulation. It consists of a cylindric cockle in cast-iron, sur- 
mounted by a double bell boiler in copper, with hemispherical 
envelope in plate iron, confining the smoke around the boiler. 
An 8-inch sheet irun smoke-pipe rising from the dome makes 
Various turps at right angles in the warm air chamber. The 
whole apparatus is inclosed in brickwork, the fresh air being ad- 
mitted to the chamber at the bottom, at the back of the furnace; 
where it first comes in contact with the sides of the cockle, and 
then rises to over the sheet iron dome and around the 
amoke-pipes. The boiler has the ordinary flow and return pipe, 
with a connecting pipe between the two bells. There ia little to 
be said in favour of this apparatus. The cast-iron cylinder is 
certain to become red hot, while the effect of the dome and smoke 
pipes in increasing the temperature of the already highly heated 
alr will be amall. The coustruction of the boiler itself may how- 
ever be ndopted with advantage. 

Illustrations of heating by hot-water, and of apparatus and 
Lor of apparatus, were exhibited by Perkins, Rosser, Riddle, 

eek», Ormson, Gray, Messenger, Taylor, Gervais, and by the 
London Warming and Ventilating Company. 

The highly ingenious high-pressure Hot-water Apparatus, of 
Mr. Perkins, may bo as well understood from the small full-size 
apecimens which he oxhibited—Class X., 2330—as it could be 
from nn inspection of it in its application to the most extensive 
boildings. Tho system has been so long before the public, and is 
a wall known, that no detailed description is necessary. 

JUrse:r showad xpeciinens of the low temperature Hot-water 
Vipes, invented by the Inte Mr. John Sylvester, in which the 
conducting powesof cast-iron is made use of to obtain a conside- 
rally larger surfaco iu the same space than can be done by the 
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ordinary round pipes; as well as presenting those surfaces to the 
air in a position more favourable for the transfer of their heat, 
A further extension of the same principle is seen in the hot-water 
or steam-stove of the same exhibitor, which is simply a vertical 
cylinder of cast-iron containing hot-water, or steam; from the 
exterior circumference of which a series of radiating blades pro- 
ject and expose a large surface to the air. 

The Apparatus shown by the London Warming and Venti- 
lating Company—Class X., 2411—pushes the same principle to 
an extreme. The close series of parallel platea which are cast on 
their hot-water pipes have far too large an extension of tbe 
diffusing, as compared with the recipient surfaces, to produce an 
effect proportioned to the increase in cost; as long as the interior 
of the pipe is not above the temperature of hot water or common 
steam. For surfaces in direct contact with a close fire the arrange- 
ment would be good. 

Mr. Weeks and Mr. Ormson both exhibited hot-water appa 
ratus. The first-named exhibitor (Class IX., No. 2201) showed 
his well-known vertical tubular boiler, in which a very large 
surface is exposed to the action of the fire. One would think 
that the special advantage or defect of these boilers—viz, that 
of their pred quickly heated and quickly cooled, would 
be less applicable for nhouses, &c., where they are chiefly 
used, than a form of boiler which, by containing a larger quantity 
of water, would give greater permanency of temperature. The 
tenacity with which the Chelsea hot-house builders hold to this 
form would seem however to argue that its recommendations are 
greater than would at first sight appear. 

Mr.Ormson— Class IX., No. 2160—also sent a Vertical Tubular 
boiler, which differs in no essential respect from Weeks’s, except 
that none of its joints are exposed to the fire, Ormson's coil- 
frame is an elegant modification of a familiar arrangement, and 
presents large heating surface in a small compass. The ventilating 
hot-water apparatus of the same exhibitor, which was to be seen 
in bis very beautiful conservatory, erected in the court of the north- 
east annex, is simply a series of water-boxes placed at intervals 
on a line of pipes; the cold air from the exterior being admitted 
into the house through the boxes, which however, have not their 
interior surfaces wall disposed for warming the air, while their 
occurrence at frequent intervals must seriously retard the circula- 
tion of the water. 

Gray's Improved Oval Tubular Boiler—Class IX., No. 2119— 
is another Chelsea boiler, and we presume is made oval for the 
sake of a difference. 

Taylor & Son's Double Chamber Boiler—Claas IX., No. 2191— 
is a modification of the common saddle-boiler, having a retum 
flue from back to front over the furnace, and is made with its 
recipient surfaces either plain or corrugated. A horizontal tubular 
boiler, looking like a skeleton of the other, was probably intended 
to have a division of fire-tile between its upper and lower parts, so 
as to assimilate the course of the draught to the action of the 
former boiler. Allthe London hot-house builders who were ex- 
hibitors of bot-water apparatus, seem to bave taken to the use of 
the Sylvester Furnace Door, which they however manufacture 
in a way that detracts much fron»its special recommendations. 

By far the best of the horizontal tubular boilers was that shown 
by T. G. Messenger, of Loughborougk—Class IX., No. 2151.— 
This boiler is composed of triangular tubes set near together in 
horizontal beda, and so disposed that nearly 2 of the whole pipe 
exposed is effective as recipient surface. Tbe horizontal beds of 
pipe terminate at each end in water-spaces which connect one bed 
with another. The furnace-bars are hollow, as is usual in the 
Chelsea boilers, but triangular in section, and therefore better 
disposed for the retention of the fuel, and for feeding it with air. 
The return-pipes are connected to the water-box at the back 
end of the furnace-bars, from which he ascending current moves 
simultaneously through tiers of pipes at the sides and top of the 
furnace to the back, returning by a second bed of pipes overlaying 
the fire to the flow-pipe, which comes out in the front. The only 
objection to this boiler seems to be the retardation of the circula- 
tion in passing through so many turna in the pipes, and the con- 
sequent tendency to the generation of steam—a serious incon- 
venience in hot- water boilers. 

Horton's Patent Locomotive Fire-box—Class VIII., No. 1855— 
would alao be well adapted for a hot-water boiler. 

Harrison's Cast-Iron Boiler—Class VIII., No. 1877—althongh 
more expressly intended for use as a steam-boiler, seems appli- 
cable to toe water ad rani It may be described as consisting 
of any number of hollow spheres, with slightly projecting neck- 
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ings, turned and bored to fit into one another, and held together 
in rows by iron bolte passing through each range. The rows are 
set at such an inclination as to allow the particles of steam or 
heated water to rise without interruption from each lower globe 
to the next upper one. 

Riddell’s Slow Combustion Boiler—Class X., No. 22397—seems 
suitable for small apparatus. It consists of & double cylinder, 
placed in a vertical position upon a solid bed of fire-brick. The 
fuel is supplied at a door or lid on the top, the fire being fed with 
air, and the ashes removed by a small sliding door at the bottom. 
By moving the latter to the right or left, perfect control over the 
combustion is attainable. 

The Double Bell Boiler of M. A. Gervais has been already 
referred to. Another by the same exhibitor, styled the “ Ther- 
mosyphon Boiler,” was probably the best article of the kind in 
the Exhibition. This boiler, which is made of copper, may be 
described as a saddle boiler, with reverberating chamber at the 
back, from which the flame works by an internal flue to the 
front, returning by an i ies flue again to the back, where it 
descends within the y of the boiler to an out-take at the 
bottom. The farnace, fluea, and chambers present an extended 
kening surface, while preserviug a considerable section for the 

ught. 

The Drawings of the Warming Apparatus at St. Augustine’s 
Prison, Canterbury, already refe to—Class X., No, 2399— 
show boilers on a very similar principle of construction, but 
having a more fully developed reverberating chamber, and only 
one internal flue, the smoke completing its circuit outside the 
boiler, which is of a waggon shape. Both this and the preceding 
form possess the great advantage of utilising that part of the 
heat, which with boilers having through flues is expended against 
the brickwork at the back. For extensive apparatus they will 
be very economical, particularly where long ranges of hot-houses, 
&c., are to be heated from one boiler. 

In connection with hot-water apparatus may be mentioned the 
new method of joining water pipes, exhibited by V. Delperdange 
—Belgium, Class IX., No. 310—The joint is formed by a band of 
vuleanised india-rubber, which is alipped over the beads of the 
butting ends of the two pipes to be connected, npon which an 
elastic wrought-iron collar, having on ita inside a ve corres- 
ponding to the width of the two beads, is tightened by a bolt and 
nut. 

For the removal of condensed water from steam heating ae 
ratus, the Steam Traps of Schäfer and Budenburgh— Class V IIT., 
No. 1316; and of Phillipson—Prussia, Class I, No. 1314— 
would be found useful. They differ somewhat from the construc- 
tion h itherto adopted in this country, and appear likely to main- 
tain their action under steam of any pressure. Bowden's Steam 
Trap, shown Class VIIL, No. 1851, was on the ordinary 
construction. 

Among mechanical appliances for effecting forced ventilation, 
there were exhibited a considerable number of fans, on the cen- 
trifagal principle, by various makers, of which none appeared 
better than Lloyd's Noiseless Fan— Class VIII, No. 1913. 

Schiele Patent Ventilators, and Exhaust Fans, manufactured 
by the North Moor Foundry ap ene ibiq VII, No. 1948— 
ap to possess considerable advanta, 

mielles Blowing Machine—France, Class VIII, No. 1135— 
differs from the ordinary centrifugal machines, in drawing in the 
air at the opposite side of its periphery to that at which it is 
discharged. It consists of two cylinders of different diameters 
placed eccentrically one within the other, the smaller cylinder 
turning on a fixed axis; the space between the two cylinders 
being occupied by movable flaps which assume different, degrees 
of inclination as the inner cylinder revolves, and thus acting as 
pistons or valves in forcing the air forward. 

A well constructed Fan, on the centrifugal principle, was to be 
seen near Lemielles machine in the western annex. A disc in 
the vertical centre of the fan separates the inhaling apertures on 
each side, while the spaces between the blades are preserved of a 
uniform section bud ap 

Dr. Heger claims for his Ventilator, already referred to in 
speaking of the heating and ventilation of the new Military 
Hospital at Vienna, that vi uoa ie is new. The small ma- 
chine of this kind, exhibi in the western annex, may be 
described as a pipe within which a set of flies like those of a 
amoke-jack are made to revolve transversely to the direction of 
the pipe, by a strap passing over a pulley on their axis. A'set of 
fixed vanes corresponding to the movable flies is placed on the 
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inhaling side of the machine; the central portion of the tube 
from the axis to the inner circle of the vanes being occupied hy 
a sort of conical boss, which fills up the dead space and prevents 
the formation of eddies in the air current. 

Howorth'a Self-acting Archimedean Screw Ventilators, (Class 
VIIL, No. 1889) are intended to be put in motion by the force of 
the wind acting upon a turncap, in the neck of which the 
Archimedean screw js fixed. It is difficult to see what advan- 
tage this contrivance over a common oowl, in discharg- 
ing the air, while like the common cowl its efficacy diminishes 
as the velocity of the wind decreases. When the screw is turned 
by machinery, the discharge of air would be more free by the 
opening in a common cowl than it would generally be through 
the slita in the revolving lantern. 

Of contrivances for facilitatiug natural ventilation, few pos- 
sessed any novelty. The glass louvred Window Ventilators of 
Mr. Ram lass X. No. 2333—are in very general use. Mr. 
McKinnell—Class X., No.2392—8showed several modes of applying 
his Concentric Ventilators. Mr. W. Cooke—Class X., No. 2379 
— had a wire gauze folding bliud for fixing between the sash of a 
window and the frame, which, being attached to the upper rail, 
is drawn down with the sash, and interposes a wire gauze screen 
excluding dust and deflecting the current of entering air. Also a 
box for fitting in openings in the wall, containing perforated zinc 
screens, inclined at various angles. 
~ In conclusion we would recommend, to all concerned in the 
praetice of ventilation, the excellent instrument for determining 
the velocities of air currenta, manufactured by Mr. J. Davis of 
Derby, and shown in Class XIII, No. 2891. 


oO 


BRITISH ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 
Meeting at Cambridge, 1862.* 


On the Importance of Economising Fuel in Iron-Plated Ships 
of War. By Epwarp ELLIS ALLEN. 

The object of this paper is to point out the very great mor 
tanoe of economising the consumption of fuel in iron-plated ships 
of war, and to show how this may best be done. It is a subject 
which has been sadly neglected, notwithstanding these vessels 
have to be oonstructed to carry several hundred tons additional 
weight, even when only partially protected. 

is increase of weight has been met to some extent by reduc- 
ing the number of days’ fuel carried; so that instead of these 
vessels coaling for fourteen days, which, in the opinion of most 
persons, is the least they should do, the quantity has been reduced 
to considerably less than one-half. With bad orindifferent coal this 
time would be reduced to perhaps four days’ consumption when full 
ateaming, $e, when the engines are working up to, say four times 
their nominal power. Moreover, the high rate of & considered 
desirable for these vessels necessitates a oorresponding increase in 
the power of the machinery, which of course, under any circum- 
stances, involves an increase in the fuel consumed, or, in other 
words, reduces the time during which a given quantity of fuel 
will last. 

Further, it is highly probable in future wars t despatch 
will be neces in moving vessels from one station to another, 
not only from the fact that for many years to come there will be 
comparatively few iron-cased vessels in the navy, but also from 
the increased rapidity with which warlike pear must be 
made. This also will tend to increase the quantity of fuel 
consumed. 

Even in time of peace it will be difficult to reconcile ourselves 
to war steamers going far under sail alone; and when the whole 
of the working expenses of a large ship of war are taken into 
account, it may be the more economical course to put her in com- 
mission so many weeks later, and then let her steam to her 
destination. Indeed, it cannot be doubted, that the same causes 
which have operated in supplanting sailing vessels by steamers 
will also induce the use of the steam power more and more as 
time advances. 

There are thus several important reasons why every effort 
should be made to economise the consumption of fuel in the ships 
of our new iron-plated fleet—viz., Additional weights, increase of 
speed and distance to be steamed, increased despatch in moving 
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from station to station and of time during which steam power 
will probably be used even under ordinary cireumstanoes, and 
increase in the cost of coals owing to the continually increasing 
size, power, and number of steam ships in the Royal Navy. 

To these reasons for economising fuel we may add: the univer- 
aal deficiency of boiler power in ships of the Royal Navy, 
necessitating a relative increase of space being allowed for this 
portion of the machinery; as also the fact now generally admitted 
that much smaller vessels than those firat constructed will be 
necessary iu order to constitute an efficient fleet; these small 
veasels being of course as thickly plated as the very largest, if not 
moreso, on account of their speed being considerably less. From 
the particalars given in the accompanying table (page 392) it may 
be stated with sufficient accuracy that in most of our iron-plated 
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We are nevertheless told, that in all, or nearly all cases, seveu 

days’ supply is provided, but this can only be on the supposition 
that the engines are not intended to work full power the whole of 
the time; indeed, with the ordinary boilers used on board war 
steamers, this is not possible, for it is well known that full steam 
cannot be kept for more than twenty-four hours together, 
. The very great increase of power necessary to propel any given 
vessel At an increased speed renders it a matter of some difficulty 
to obtain a rate of speed in the iron-cased ships auch as that 
believed to be desirable, or rather necessary, by those competent 
to judge. If a certain power be n io drive any given 
vessel of good form at 10 knots per hour, then to increase the 
speed of the same vessel to 12 knots will require nearly 
double that power; to increase it to 14 knots the power must 
be nearly three times as great; and to increase it to 16 knots 
the power will require to be more than quadrupled, The 
estimated speeds of our new ships of war, even in smooth water, 
are considerably less than those thought necessary at sea by naval 
men and many others, and the difference is as much as 1} to 3 
knots per hour. 

Six of the largest vessels are estimated to attain about 14 
knots per hour; tive of them ab..ut 12 knots; two of them about 
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ships the weights of the three items, viz., the armour plating, the 
machinery, and the fuel, are very nearly equal, and that together 
they constitute about one-third of the total displacement, i.e. in 
vessels plated amidships only. Marine engines of good construc- 
tion, when working full power, exert a force, when measured by 
indicator, considerably above their nominal power; and it is a 
rule with the Admiralty that all engines supplied to them shall 
work up to at least four times this nominal power. Now the 
average consumption of fuel in marine engines of the ordinary 
but best construction being about 44 Ib. per indicated horse 
power per hour, it follows that a nominal horse power requires 
about 4 cwt. of best coals in the day of twenty-four hours, so that 
a 1000 hoise power engine would consume something like 200 
tons of coal m day when working full power. Comparing this 
quantity with that for which stowage ia given in the iron-plated 
ships of the Royal Navy, it will be seen that the best of them 
carry no more coal than would serve them for about four days’ 
full steuming. 


11$ knots per hour; four of them about 11 knots; one abou 
10} kncts, and one only 94 knots; and in the vessels tried even 
these speeds have not been attained; whereas 15 knota per hour 
has been very generally assigned as the speed below which our 
new Tronpa ahipa of war should not propelled when at 
sea. In favour of such a speed we have the opinions of Mr. Scott 
Russell, Mr. Samuda, Captain Halsted, Commander Oldmixon, 
Adroiral Mvorsom, and many others. 

With regard to the distance which such vessels should be able 
to go without recoaling, we have the most distinctly expressed 
opinion of Mr. Scott Russell and Captain Halsted, as well as those 
who have commented upon their views, that 5000 miles should 
be the minimum, whereas none of our ships could, with their 
ordinary supply of coal, go one-third of that distance. 

With respect to the increased cost of coaling the ships of the 
Royal Navy, it will be found that the charge on this head is now 
over £300,000 per annum, and in war time more than double the 
ordinary amount is expended. What shall it be, even in times of 
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oe, when a fleet of iron-cased ahipa of the Warrior clasa shall 
ave been formed? We may indeed view with some alarm the 
amount of this item in the naval estimates of future years, unless 
something be done to diminish the cousumption of fuel in marine 
engines. 
egarding the necessity of economising fuel in ships of war, on 
account of the insufficiency of boiler power at present allowed, it 
will be only necessary to quote the opinion of the present Sur- 
veyor of the Navy, expressed by him when in ch of the steam 
reserve at Portsmouth, in 1858. He says:—“ As far as my expe- 
rience goes, no ship of any class or with any maker's engines has 
sufficient boiler space; there is not one of the multitudes I have 
tried that has steam enough to keep'the throttle valve open for 
two hours. The steam drops directly the vessel goes over 9 knots, 
and this not in one or two, but in all without exception. . 
Nothing is so wasteful of fuel as too small a boiler; intense firing 
and incomplete combustion of the fuel is the inevitable result of 
trying to keep up steam in such a case, Not a step is 
made in the right direction of obtaining speed and economy until 
more attention is paid to the proper proportion between the 
quantity of steam used in the cylinders at each stroke, and the 
quantity remaining in the boiler." e 
He says that 600 horse-power boilers should be used where 
450 horse-power boilers are now employed, and the ships would 
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steaming, but the vcl with which we are to be satisfied is an 
** estimated” one knots only. What will this be as an 
average at sea? Possibly not over 8 knots. 

Enough haa now been said to show that economising the con- 
sumption of fuel in iron-plated ships of war ia a subject of the 
very gravest importance; and although this will be admitted gene- 
rally, and, perhaps, by none more readily than by the authorities 
of the Admiralty, it appears practically to have received far less 
attention than it deserves. tt is taedis saying too much when 
we state that coal is the only item in which weight can be saved. 

It has been long known that many veesels in the merchant ser- 
vice have been working now for some years upon just one-half of 
the fuel consumed in ships of the Royal Navy. In proof of thia, 
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go faster, not perhaps rush past the measured mile quicker, but 
ina chase of four or five hours. 

The Committee on Marine Engines, reporting upon this and 
other evidence, observe:—*'' From the evidence taken by the com- 
mittee it appears that in general the boilers supplied to our men- 
of-war are deficient in generating steam, and that full speed in 
consequence can only be maintained for a short time. Now the 
remedy of that defect must necessarily involve the whole question 
of the amount of space that can be allotted to the boilers; the 
committee, therefore, consider that they need not enter into 
further details, and that they do their duty by simply, and with- 
out comment, bringing the x iate before their lordships.” 

Of the last reason named for encouraging economy of fuel, no 
better illustration can be given than that of the Enterprise, the 
first small ship in course of construction by the Admiralty, plated 
with armour. In this case the employment of ordinary machi- 
nery (excepting having surface condensers) not only necessitates 
the quantity of fuel taken being reduced to & very few dayv' 


although evidence is abundant, it will suffice to give simply the 
opinion of Mr. Charles Atherton, late Chief Engineer of Woolwich 
Dockyard, aud that of Mr. Andrew Murray, Surveyor to the Board 
of Trade. Mr. Atherton, in a paper read before the British Associa- 
tion, three years ago, says, “ I believe the ordinary consumption of 
fuel in steam ships of the Royal Navy is fully 50 per cent. in excess 
of the amount of 23 1b. which has been practically realised on con- 
tinuous sea service." 

Mr. Murray, in hia paper on “ Means and Appliances for Econo- 
Toising Fuel in Steam Ships" (read in March, 1860), says:— 1t is 
hoped aud believed that the day is not far distant when the aver- 
age consumption of marine engines will be reduced to nearly one- 
half of what it now is. In Cornwall, ninety millions of pounds 
raised one foot high in an hour by a bushel (or 94 1b.) of coal is 
considered fair work for a good steam engine, which corresponds 
to nearly 2} lb. of coal burnt per indicated horse power per hour. 
It is not likely that this d of economy can ever be perma- 
nently maintained at sea; but if our marine engines can be 
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Table of all Iron-Cased Ships and Floating Batteries building or afloat, with assumed weights 
T of vals carried, the latter deduced from difference of draught with and without coals. 


Name of Vessel. 
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induced to content themselves with 3 lb. or even 3$ 1b., this will 
still be a vast improvement on their present average consump- 
tion. What this is he states in his work on Steam Ships, in 
these words:—“ The more usual consumption of modern marine 
engines varies from 41b. to 51b. per indicated horse power per 
hour, and the average consumption of all classes cannot be less 
than 6 Ib." 

It may be here observed that the Admiralty returns contain no 
statement of the consumption of fuel of ships of the Royal Navy; 
but this omission having been complained of for many years past, 
the Committee on Marine Engines recommended that the con- 
sumption of coal per indicated horse power, as well as the quality 
of coal and evaporation of water, should be given in future. 

The fact of vessels running continuously on half the fuel con- 
sumed in Government vessels is now well known, as are also the 

rinciples of conaguction on which this important saving is made. 
They may shortlj be stated as follows:— 

1. Proportionate increase of boiler power. 

2, Expansion of the steam to, say 5 lb. pressure. 

3. Jacketing the cylinders. 

4. Buperheating the steam. 

5. Condensing by surface instead of by jet; and, 

6. Heating the feed water. 

And all this may be done without increasing the pressure of 
steam above 20 lb. or 25 1b., although the higher the pressure of 
steam, the greater the economy of fuel. 

It is difficult to assign the exact proportionate value of each of 
these six modes of economising fuel, as they have seldom, if ever, 
been so far separated as to admit of correct deductions; but, taken 
altogether, there is now no doubt that 50 per cent. may be saved 
in the ordinary consumption of fuel. This saving has been prac- 
tically effected in several veesels where the principles above stated 
have been carried out. " 

In the early of 1855 the author read two papers at Bir- 
mingham on “The Commercial Economy of Expanding Steam in 
Marine Engines," and deecribed several new forms of engines 
suited to this purpose, and ever since that time has endeavoured 
to direct the attention of steam-ship companies and owners, as 
well as that of the Admiralty, to the subject. 

In 1858, he forwarded detailed drawings of engines to the 
Admiralty, the designs being made with a view to effect a very 
large saving in fuel. One of these was that of concentric cylin- 
ders, with three piston rods and cross head, the two outer rods 
being carried to a guide block from which the connecting rod 
was returned to the crank; this arrangement being precisely that 


adopted in the Swedish gunboats, and for which a medal has been 
awarded to the maker in the Exhibition. 

In the early part of the present year he again adddressed the 
Admiralty, calling their attention to this subject, and requesti 
the favour of an examination of the engines constru on his 
en of 1855, by Messrs. J. and G. Rennie, and which may be 

escribed as double expansive end-to-end cylinders, the small 
cylinder being placed at the baek of the wed one, motion being 
Meca rana to the crank by means of double piston rods (Fi 
1, 2, and 3). Even this arrangement has it appears been recently 
tried on one of the Swedish vessels of war, the results of workin 
being, it is said, very satisfactory. If therefore, the Swedish 
engineers have not the faculty for designing economical marine 
engines, they may at least take credit for duly appreciating what 
others do, and in this respect are considerably in advance of 
some of the engineers of our own country. 

In these several applications to the Government, the object was 
to show how the expansive principle could, in the author's opinion, 
be best carried out in ships of war, fulfilling the necessary condi- 
tions of such vessels, i.e., of keeping the weights down as much as 
possible, and the machinery below the water level. 

He showed in his papers, that the suggested alterations in 
marine engines could be made without either adding to the groes 
weights carried, or to the space occupied in the ships, and that a 
very considerable saving of coal would be the result; increased 
capacity of cylinder to allow of full expansion of the steam 
being, of course, under every possible arrangement absolutely 
neeessary. 

One of the forms of marine engines suggested by him in 1855 
has lately been adopted in the case of the Poonah's engines, now 
building by Messrs. Humphrys and Tennant, the small and 
large cylinders being lased end to end, as above described with 
reference to the engines made by Messrs. Rennie, but motion 
pang iven to the crank shaft by means of a trunk working 
in the cylinder (Fig. 4). 

For these several forms of double expansive engines may be 
claimed many advantages, which are shortly these:— 

1, Capability of fully expanding the steam without the use of 
expansion gear. 

2. Great uniformity of motion, by reason of the steam from 
the boiler acting upon a comparatively small area, not pressing 
upon the large pistons nntil partially expanded. 

3. Saving of considerable weight, on account of the strength 
of the connecting rods, piston rods, &c. being only necessaril 
proportioned to the pressure of the initial steam on the small 
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piston and the expanded steam on the large area, instead of the 
initial steam on the latter; or rather, upon a considerable exten- 
sion of it, as in the case of a single acting cylinder designed for 
t expansion, its area must be greatly increased, the stroke not 

ing capable of being lengthened. 

4. Considerable saving of steam, owing to the loss in the clear- 
ances in the small cylinder being much less than that in a 
very large cylinder, the loss in the latter case absorbing a large 
percentage of the steam. 

5. The cylinders being in line with each other, no increase 
in the number of piston rods, connecting rods, or guides is 


T . e. 
6. That practically all the advantages of a long-stroked engine 
are obtained without increasing the stroke, and which cannot 
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be done, owing to the speed of revolution of direct acting screw 
engines being necessarily high; and, 

F That by fully expanding the steam, a far less quantity 
suffices for the production of a given power, this allowing 
of the boilers being reduced a third or a fourth, still leaving ^ 
large proportionate increase in boiler power compared with the 
steam required. 

It will be readily admitted on all hands that very considerable 
difficulties would A found in making ordinary marine engines 
fully expand their steam, an increase in the capacity of the cylin- 
der of from two to three times being essential, 

At present the shape of the cylinders of marine engines 
approaches to that of those of rivetting machines, the diameter 
being frequentiy two and a half times the stroke; whereas in 
pumping engines, in which economy is studied, the cylinders 
assume an entirely ditlerent form, their length being three times 
their diameter; as shown in Figs. 5 and 6, which represent cylin- 
ders of equal capacity, the former similar in shape to those of the 
1350 horse power engines constructiug for the largest iron-plated 
ships, and the latter the cylinder of an ordinary pimpin engine. 
Indeed all engineers admit that, in very short cylinders, i.e., 
single acting ones, economy is out of the question. It is there- 
fore greatly to be regretted that in our iron-plated ships, even in 
those of the largest class, the same form of engines has been 
adopted as was employed fourteen years ago, notwithstandin 
Mr. Atherton, the late engineer at Woolwich Dockyard, sta 
some years ago that “double expansive engines ought to 
be tried,” especially as superheating of the steam had been 
carried out. 

Mr. Murray has rather severely remarked upon “the plan 
adopted by the Government of contracting for their steam 
machinery with only a few favoured and old established houses;” 
and states that this, “though perhaps justifiable in other respects, 
has undoubtedly’ tended to promote conservatism in marine 
engines, and to repress innovations and improvements . . . . 
competition being scarcely roused into action. . . . Inthe 
case of those manufacturers . . . . however, who are de- 
pendent upon the custom of the great steam shipping companies, 
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and other private owners of steam vessels, who have a strong 
interest in this question, there exists an active competition, and, 
consequently, a powerful inducement to improve upon the 
economical performance of their machinery. We find, acoord- 
ingly, that it is this class who have taken the lead in the steam 
reformation which has recently set in.” 

The practicability of saving sc great a perosaiage of fue) bei 
now so well known, how is it, that the whole of our enge 
fleet at present in existence or ordered, are doomed to consume 
double the amount of fuel which is necessary? 

In the twenty-six iron-cased ships constructed and constructing, 
a force of no less than 18,310 nominal horse power is to be 
employed; and when working full power every day will witness 
an unnecessary consumption of upwards of 1700 tons of coal, 
which, on foreign stations, would certainly 
amount to more than £5000 aterling. 

This loss is, however, not what is to be 
most regretted; but rather the fact that our 
iron-cased fleet, the largest vessels of which 
are to cost upwards of £350,000 each, and are 
provisioned for four months, should only carry 
coals enough for from four to five days’ steam- 
ing. It is surely a sad pity that these vessels 
should have to creep into port every time 
after steaming say 2000 miles, or else waste 
days, and perhaps weeks, of valuable time on 
full commission pay, in attempting to reach 
their destination by the use of sails. If it be 
maintained that the quantity of coals carried 
is sufficient—which the Admiralty authorities 
would hardly acknowledge—even then, is it 
not better to increase the armonr plating, or 
the speed of the vessels, by reducing their 
draught or increasing the power of the engines, 
rather than carry an unnecessary quantity of 
expensive fuel ? 

t is now certain that the speeds of the 
Warrior and Black Prince are much below 
what was anticipated: and even if a speed of 
14 knots were obtained, under the most fa- 
vourable circumstances of clean bottom, 
clean tubes, and fair weather, this would be reduced to about 
twelve knots at sea, running days together; and this is no less 
than three knots below the speed that has been considered neces- 
sary. Again, if the present quantity of fuel carried be enough, 
the engine power could be increased some 40 per cent. without 
increasing the draught of water, and still allow of the same 
number of days’ fuel. This increase of power would increase 
the d about one knot and a half per hour, which caunot be 
rega ed as a matter of alight importance. 

ith these facts before us, the question arises, are we justified 
in continuing to employ engines of the ordinary kind in our iron- 
plated ships of war? In considering this matter we must be 
careful not to confound the excellency of workmanship of govern- 
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ment engines, which is all that can be desired, with correctness 
in the principles upon which such machinery is made and 
worked. 

The wasteful expenditure of fuel in all vessels having ordinary 
but firat-class machinery, arises of course from the principles 
upon which it is made and worked being faulty; such as filling 
the cylinders three-parts or seven-eighths full of steam, aud only 
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expanding in the remaining space; condensing by jet; not super- 
heating the steam or heating the feed water; confining the boiler 
apace in proportion to the steam used (although this space is 
much greater than required under improved conditions); not 
jacketing the cylinders; and finally, using short-stroked single 


‘expansive engines. No amount of excellence m workmanshi 


can ever make ap for this total disregard of every principle whic! 
experience has shown to be neceasary to economical working. 
Our present navy consists of vessels in which there isa nominal 
power of upwards of ‘142,000 horses, distributed in about the 
following proportions:— 
Horse power. 


Ships in commission ... gos m" -— dis 60,000 
Do. in ordinary  ... - ges wat ees 51,000 
Do. used as transports, kc. -— sss = 13,000 
Do. (new iron-plated) and batteries as = 18,000 

Total f 142,000 


The ultimate extent of our iron-cased fleet, of course, is not as 
et known, bnt taking the very moderate estimate made by 

. Scott Russell, we have yet engines to provide to the extent 

of at least 60,000 horse power, making a gross power of 200,000 
horses. Assuming that one-half of these vessels are in commis- 
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Fig. §.—Cylinder of Horizontal 
Marine Engine. 


sion in time of me the daily consumption of coal when working 
full steam would be over 15,000 tons at the present rate per 
indicated horse power. Now ships in commission may be fairly 
assumed to be one-third of their time under steam, say two days 
per week, or 100 days in the year. They will probably be half 
this time under easy steaming, and the remainder three-quarters 
and full steaming, and will consume from 23 to 3 cwt. of coal per 
day, or 14 tons per annum per nominal horse power, or for the 
whole of the ships in commission about 1,400,000 tons per annum. 

This ia, then, what we may look forward to in the navy returns 
in future years of peace, i. e., if the present consumption of fuel 
be maintained. It is just half this quantity which experience 
has now fully proved may be saved by a modification in the mode 
of constructing and working marine engines, and it is to the cost 
of this quantity, which could be saved, and the advantages 
arising from its absence in the vessels, that attention is now 
invited. 

Applying the same calculations to the engines of the twenty- 
six 1ron-cased vessels made or ordered, or omitting the floating 
batteries and some of the vessels in ordinary, it appears more 
than probable that had these vessels been fitted witli tupsved 
machinery, a money yearly saving would have been made sufficient 
to purchase at least one iron-cased vessel annually, from saving 
in the consumption of coal. This gain, it must be remembered, 
is quite distinct from the other numerous advantages which have 
been referred to, and of which no estimate can be made; the very 
existence of the ships being ‘perhaps jeopardised by either want 
of coal or want of speed. 

This saving of fuel, whenever brought about will, without 
question, give us one or other of the following advantages, in 
addition to the money saving, viz.— 

Increase of armour plating 50 per cent.; or, 

Increase of speed to the extent of one knot and a half; or, 

Increase of number of days’ fuel to double what it now is; or, 

Diminished draught to the extent of 8 in. to 12 in., according 

to the vessel. 

Thus enabling us to have armour-plated vessels of comparatively 
very small tonnage. To all this we must not forget to add the 
loss of time, expense, and inconvenience of frequent coaling when 
only five to six days’ supply are carried; and again, the cost and 
labour of trimming the coals, and feeding the furnaces with double 
the quantity which would be needed with good double expansive 
engines. 


It is hoped that these considerations will induce the Lords of 
the Admiralty to turn their attention to the advan of work- 
ing steam expansively in the vessels of the Royal Navy, not 
simply as it has hitherto been done, and when the power is pro 
portionately dimiuished and no saving effected, owing to the 
machinery not being adapted for expansive working, but con 
stantly and regularly in ordinary working and under proper 
ort pie when its advantages would be at once experi- 
enced. 

In conclnsion, it is only fair to mention that soon after the 
appearance of the report of the Committee on Marine Engines, 
serommeniling that the number of contractors for Government 
engines should be increased, and that the best engines should be 
adopted in ships of the Royal Navy, by whomeoever proposed to 
be supplied, orders were issued for three pairs of engines de- 
signed to work with less fuel than usual. Messrs. John Penu 
and Son soppiied a pair of large trunk engines, with surface 
condensers; Messrs. Maudslay, a three-cylindered arrangement, 
also with surface condensers, designed by Mr. Sells; gad Meer. 
Randolph and Elder, a six-cylindered Senne, also with 
surface condensers. Neither of these vessels have as yet been 
fully tried, the results however being anxiously looked for by 
engineers. 

Considering the nature of these three plans, which, with the ex- 
ception of the trunk engines, involve considerable complexity, the 
trunk and three cylinder arrangements being, moreover, siugle 
expansive engines, it is very doubtful if the results can be alto- 


| gether satisfactory; and certainly cannot be so far so as to warrant 
| experiments stopping at the point at which they have now 
| arrived. Trials should at least be given of such other arrange- 
/ ments as ap likely to give favourable resulta. 

e ex 


The dou pansion end-to-end cylinder engines proposed by 
the anthor, in 1855, for ships of war, having now been very ably 
worked out by Messrs. J. and G. Rennie, and, it is understood, 
been favourably reported upon by the inspecting engineer of the 
Admiralty, who was instructed to examine them; it is hoped an 
opportunity will shortly be afforded of testing their suitability 
for her Majesty's ships; the success of the pinu of double e1- 
pansion being already fully established, and Messrs. Rennie being 

repared to guarantee to the Government that the consumption 
of fuel shall not exceed 2 to 2} lb. per indicated horse power per 
hour, or half the ordinary consumption. To the general intro- 
duction, however, of so radical a change in the construction of 
marine eugines for the ships of the Royal Navy, a thorough con- 
viction of the importance of economising the fuel seems essential, 
and it is hoped this will be found to have been somewhat pro- 
nioted by the present paper. 


On Rifled Guns and Projectiles adapted for Attacking Armour 
Plate Defences. By T. Aston, M.A. 


As it is now an admitted fact that naval warfare will be carried 
on by iron-clad navies, it has become an imperative necessity 
that the Navy of England shall henceforth be armed with 
artillery adapted for attacking the new armour-plate defences 
which all nations are hastening to adopt. The superiority which 
defence eo suddenly acquired over attack, by simply putting ona 
coat of armour, threatened to upset not only the theoretical bat 
the practical tactics of modern warfare. The necessity of improv- 
ing the means of attack, so as to restore as far as possible the 
disturbed equilibrium, was obvious to every one; and the contes: 
which has been carried on in this country for the last two or 
three years between the attack of improved artillery and the 
defence of improved armour-plates, has been watched by all of u: 
with the greatest interest. From a scientific point of view, with 
which we are on this occasion more immediately concerned, the 
subject was one which engaged the attention of some of tbe 
keenest and most experienced intellects of the country; these on 
the one hand giving practical aid on the side of defence, those on 
the other devoting their best energies to restore attack to what 
must be considered its normal position of superiority. For ^ 
long time, for too long a time, the defence people had much tbe 
best of it. Under the energetic superintendence of the Plate 
Committee (who in this matter de republicd bene meriti sunt) 
armour-plate targets were erected by our able engineers, which 
at fighting ranges laughed to scorn the utmost efforts of the artil- 
lery attack brought against them. Some of the targets combined 
the resistance ‘of iron with wood, others, constructed with fr 
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seeing ingenuity, depended upon iron alone. The Ordnance 
Select Committee were challenged to bring forward the best gun 
their artillery science, aided by all the resources of the royal 
arsenals and the public purse, was able to provide, The science 
brought to bear by the Ordnance Select Committee, after exhaust- 
ing itself in repeated efforta to cover its repeated defeate—efforte 
that were fruitless for reasons that will be explained—was at 
length compelled to confess itself vanquished by the armour- 
plates. But ordnance had other resources which it hoped to have 
dispensed with, and upon which, in its disappointment, it was 
glad to fall back. It said to the Committee of Defence, “If you 
will obligingly, set up your armour targets within a shortened 
range, say, for instance, a Robin Hood bowshot of 200 yards, you 
shall see what the brute force of the old smooth-bore will do. 
True it is, that cast-iron will be brought to attack wrought-iron, 
that a rounded missile will have to punch its way through a flat, 
and possibly, at times, inclined armour plate. Science, which 
proved but a broken reed in our hands, must be abandoned, but 
with a gun big enough, a shot heavy enough, a charge of powder 
large enough, and a range short enough, the smooth-bore shall 
smash your target" Of course it would, and so would a batter- 
ing-ram like those Titus used to smash the gates of Jerusalem. 
If, therefore, the old smooth-bore with its short range had failed 
the Ordnance Select Committee, like the service rifled gun, they 
might have fallen back on the older battering-ram. 

king at it from a scientific point of view, this retrogression 
was very humiliating; and it caused the country serious anxiety 
to hear her Majesty’s Ministers state in Parliament, as they did 
in the last session—on the authority, of course, of their official 
scientific advisers—thut the navy of England, after all the vast 
expenditure that had been lavished upon it, was at last obliged 
to be armed with the old smooth-bores, to meet the iron-clad 
navies of her possible enemies. It was in fact proclaiming 
England’s weakness to other nations, who were more scientifically 
informed and better armed than she. 

In further explanation of what was the actual condition in 
which this all-important question stood no later than May last, I 
will quoe the statement of an official authority upon the subject, 
Sir W. Armstrong. It was made by him at a meeting of the 
United Service Institution, May 20, 1862, in these words:— 
“It certainly may be said that shells are of no avail against iron- 
plated ships; but, on the other hand, I may say that neither 
68-pounder nor 110-pounder guns, with solid round shot, are 
effective against such iron vessels. The fact ig, what we want is 
a gun in addition to our 110-pounder rifled gun, especially 
adapted for breaking through iron plates. That is what we are 
in want of now.” This forced confession was very startling to all 
of ue, who knew that, long ago, France armed her “Gloires” and 
* Normandies" with rifled 90-pounders, proved to be efficient 
against iron plates Such, however, being the state of the 
question a few months ago, we may proceed to consider, first, the 
reason why the artilery hitherto employed in the service, in- 
cluding rifled guns and smooth-bores, has always failed to make 
any impression on the plated defences at ordinary fighting range; 
and secondly, by what means artillery science has lately re- 
conquered its lost ground. Sir William Armatrong put the case 
very plainly when he said that shells were of no avail at all 
against plated ships, and that the solid shot of the 110-pounder 
rifled gun is not effective against such iron vessels. But late 
experiments at Shoeburyness, in which the “ Warrior” target was 
pierced and shattered by shell at 600 yards, have proved that the 
case as put by Sir William Armstrong must have been based on 
his experience of shells that were not made of the proper form 
nor of the proper material, and on his experience of rifled guns 
that were unable to propel their projectiles with the requisite 
velocity. 

Three conditions may be laid down as necessary to enable 
artillery to attack successfully armour-plate defences. lst, The 
ak peni must be of the proper form; 2nd, of the proper material; 
and 3rd, be propelled from a gun able to give it the necessary 
velocity. The artillery of the Ordnance Select Committee failed 
because they utterly neglected the first two conditions, and had 
recourse to the brute force of the smooth-bore for the third. 
The expression accepted as representing the penetrating power of 
shot was “velocity squared, multiplied by weight;” but the form 
of the shot, and the material, were conditions altogether omitted 
from the expression; and the importance of the omission will be 
obvious if we take an analogous case, say that of a punchi 
machine employed to perforate wrought-iron plates. What woul 
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be the result, if the punch itself, which is made of suitable shape 
and material, were removed, and a round-headed poker of brittle 
cast-iron or soft wrought-iron were substituted in its place? The 
great importance of sufficient velocity is conceded; it is a sine qud 
mon condition. But has there not been great misconception in 
supposing that the old smooth-bore gives a greater initial velocity 
than the rifled gun? The resulta obtained will show how this is. 
The average initial velocity of the 68-pounder is in round num- 
bers 1609 feet per second, with a charge of powder } the weight 
of the shot, the length of the shot being of course one calibre. 
Sir William Armstrong stated that, with a charge of powder 
l the weight of the shot, he obtained with his rifled gun an 
initial velocity of 1740 feet per second; he did not state the ne 
of his projectile. Mr. Whitworth, with a projectile one and a 
half calibrea long, obtains an initial velocity of 1900 feet per 
second, and with a projectile one calibre long, like that of the 
smooth-bore, an initial velocity of 2200 feet per second, being 
greater than that of the smooth-bore in the proportion of 22:16. 
The reason why under nearly similar conditions as to charge and 
length of projectile, the rifled'gun can obtain an initial velocity 
superior to that of the smooth-bore, must be ascribed to the action 
of the first condition I ventured to lay down as necessary. The 
rifled projectile, ae compared with the spherical, has a form which 
*is better adapted for flight, and fits more accurately the bore of 
the gun, so that the gases of explosion exert a greater pressure 
upon it while propelling it through the barrel. In practice, the 
initial velocity of the rifled projectile is lower than that of the 
smooth-bore, Bacani with the rifled gun the charge of powder 
used is much less, while the projectile is much longer and heavier, 
and has a greater vis inertia to be overcome at starting than that 
of the smooth-bore. If very large charges be'used with the rifled 
guns, and long projectiles, with the view of obtaining increased 
velocity, the strain becomes too great for the guns to bear. But 
if rifled guns are fired with charges so low that they are not made 
to perform half the work they ought to do, then, though the 
defects of weak construction may not be made patent by the gun 
pine destroyed, they are very plainly manifested by the weak 
results of their projectiles fired against armour plates. It is 
proved by well known results that the constructors of the 110- 
pounder rifled gun now adopted in the service do not dare to 
make the gun perform ita full work, but, on the contrary, the 
find themselves forced gradually to reduce their charges, until 
they are beaten by the old smooth-bore they undertook to super- 
sede. The only conclusion that can be drawn from this fact is, 
that the gun is weak in construction, and the projectile used with 
it is defective in principle. 

The power of the smooth-bore, with its large windage, to fire 
large charges, and thereby obtain greut initial velocities, has pro- 
cured it many advocates; but Mr. Whitworth’s experiments have 
shown that, if length of projectile be given up, which may be 
looked upon as the price to be paid for increased velocity, he can 
get an initial velocity much greater than that of the smooth-bore. 

ut is the result worth the price paid? Not if a more efficient 
compromise can be obtained. I use the word compromise advi- 
sedly, because I think that every one who has had experience in 
artillery practice will agree with me that the best resulta are only 


to be obtained by means of the best conpromise. You cannot 


have long projectiles and very high velocities without burning 
too much powder, and taking too much out of your gun, or else 
making it an unwieldy monster. 

The problem we have placed before us now is, how can artillery 

be best adapted for attacking armour defences? The advocates of 
the smooth-bore are satisfied with one condition—high velocity. 
Mr. Whitworth objects, and says:—“If velocity were all that is 
needed, I can get more than you do, in the proportion of 22 to 16; 
but to sacrifice all to velocity is a bad compromise to effect a 
solution of the penetration problem. You set down velocity as 
greatest possible, form of projectile of no account, material of no 
account, and afler all, can do nothing at an ordinary fighting 
range, while you wrongly take it as proved that ‘shells are 
of no avail’ against iron-plated ships. It will be a far better 
compromise to be satisfied with a lower velocity, getting how- 
ever all you can at a fair cost, and combining therewith con- 
ditions (1) and (2), proper form, and proper material for the pro- 
jectile.” 
: Let us now compare the actual results obtained in the way of 
penetration by the Armstrong 110-pounder, the proposed naval 
gun, the old 68-pounder smooth-bore, and the two naval Whit- 
worth guns lately fired at Shoeburyness. 
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. jectile, d Penetration into 
Tus m adis din Armour Plate. 
Armstrong 110-Pr. 200 | 110]be |14 Iba.} 14 to 2 inches. 
(7 inch bore) solid 
68-Pr. Smooth Bore | 200 | 68 lbs. solid |16 lba.) 2} to 3 inches. 
Whitworth 70-Pr. 200 | 701b. shot |12 1be.| Through plate and 
(54 inch bore) and shell backing. 
Whitworth 120-Pr. 600 180 Ib.  |25]be.| Through plate and 
(7 inch bore) shell. becking.* 


The first two results will lead every one to the same conclusion 
that it is to be presumed they led the Ordnance Select Committee, 
when they so eagerly re-adopted the smooth-bore, viz., that the 
Armstrong rifled gun is a worse compromise than the old gun it 
was intended to supersede. The reason may be inferred from the 
results to be, that besides neglecting conditions (1) and (2), form 
and material of projectile, it is very much behind in respect of 
condition (3), velocity—this is to be attributed to the defective 
construction of the gun, which cannot fire with safety efficient 


charges of powder, and to the use of the lead-coated projectiles. - 


Taking all the results, they show themselves to be indisputably 
in favour of the Whitworth, the old 68-pounder smooth-bore 
coming second, and the Armstrong rifled gun last. 

Let us now examine how they stand in regard to velocity, as 
shown in the following table, which, like the one given above, is 
compiled from official sources. 

Gun. * Charge. Velocity . 
68-Pr. ... 16 Ibs. ... Initial 1600 ft. per second. 
Whitworth 70-Pr. ... 12 Ibe. ... Initial 1350 ft. per second. 
Whitworth 120-Pr. ... 25 ]he.*... Terminal at 600 yds. 1260 ft. per sec. 
Armstrong 110-Pr. ... 14 Ibs. ... Initial 1210 ft. per second. 


With regard to iuitial velocity, therefore, the order of the guns 
may be taken, with the charges used, to be, Ist, 68-pounder; 2nd, 
Whitworth; 3rd, Armstrong. It is worthy of notice, however, 
that the velocity of the Whitworth 120-pounder, after traversiug 
600 yards (a good fighting range), was found actually to be 
1260 feet; whereas the initial velocity of the Armstrong is only 
1210 feet, 

The total results in respect of penetration proving themselves 
to be so decidedly in favour of Whitworth, who combines with 
condition (3)—viz., sufficient velocity—conditions (1) and (2), 
proper form and material of projectile, it follows that his must 
be the best compromise. The slight inferiority in initial velocity 
of his rifled gun, with its ordinary charges, as compared with the 
smooth-bore, is more than compensated for by employing a pro- 
jectile of proper form and material; this is shown by the pene- 
tration being through aud through both plate and backing in the 
case of the Whitworth, while it is barely Puit through the armour 
plate in the case of the smooth-bore, and not half through in the 
case of the Armstrong gun. 

The form of projectile employed by Mr. Whitworth for pene- 
trating armour-plates, is like the one now before the Section. It 
has a flat front, the centre being slightly rounded, the middle 
part of the projectile is rifled hexagonally like the bore of the gun, 
the front and rear of the projectile are made of the requisite 
taper to allow the air displaced in frout to close in readily behind, 
a form which gives a great increase of velocity as compared with 
the form parallel throughout, as I endeavoured to explain to this 
Section, in a paper I had the honour of reading at its meeting 
last year. 

The material of which the projectile is composed, is what is 
termed homogeneous iron, combining the toughness of copper 
with the hardness of steel; it is made hard enough to penetrate 
the wrought-iron plate, but not so hard as to be brittle and break 
up when the projectile strikes against itssurface. The advantage 
of the flat front xs compared with a pointed front is apparent, 
when it is considered that when the flat front strikes a plate, the 
whole resistance it meets with is that offered by the area of the 
plate covered by the flat front, in a direction in line with the axis 
of the impinging projectile. It consequently punches out a clean 
hole with a sadden impact. ln the case of a pointed shot, as soon 
as the point begins to penetrate, the inclined sides begin to push 

* These results were recently eu d, as detailed elsewhere. Tho T0-pounder 


sent ita shell through 44-inch plate and backing at 600 yarde range, and the 120-pounder 
sent its shell through 5-inch plate and backing at 800 yards range, 
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aside the particles of the plate in a lateral direction, and an 
accumulating lateral resistance is offered by every part of the 
plate whose particles are disturbed; the passage of the shot is 
thereby gradually retarded, if not altogether arrested. It has 
been thought that the flat-fronted projectile will glance from the 
surface of an inclined plate like a round projectile. This is 
not found to be the case, as is proved by the plate now shown 
to the Section, which was completely penetrated by a fat- 
fronted projectile when inclined at an angle of 37? to the per- 
pendicular. 

The Whitworth penetration shell, whose destructive power was 
shown by its penetrating and shattering the Warrior target at 
Shoeburyneas, has the same form outwardly, and is made of the 
same material, homogeneous iron, as the flat-fronted solid pro- 
jectile, which has already been described. A cavity of suitable 
shape is formed in the projectile, of the size required to contain 
the bursting charge of ordinary powder. The rear of the shell ia 
entirely closed by a screwed plate or cap. A sufficient thickness 
of metal, disposed in the required form, is left for the front of the 
shell. The uncertain complications of percussion fuses, and even 
the simpler time fuses, are wholly dispensed with. No fuse, or 
detonating substance of any kind, is used. On firing his shell 
through iron plates, Mr. Whitworth found that by the force of 
impact and friction, sufficient heat was generated to fire the 
bursting charge without any fuse at all. In practice the action 
upon the powder was found to be even too rapid. To retard its 
action for the time necessary to enable the shell to effect a com- 
nus penetration and then to burst, Mr. Whitworth interposes 

tween the metal of his shell and his bursting powder charge, 
a substance that is a non-conductor of heat; by preference he 
incloses the powder in a flannel case, and finds that, by simply 
diminishing or increasing the thickness of his flannel, he can 
burst his shell in the armour plate, or in the timber backing, or 
after it has passed through both. The f ents of the shell 
now before the Section are those of one which was fired through 
this armour plate, and which burst and shattered this backing of 
timber, nine inches thick, placed behind the plate. There is one 
point in connexion with the Shoeburyness trials that should be 
particularly noticed, and it is this—that all the previous experi- 
ments against iron plates had been confined to the short ran 
of 200 yards; at longer distances the smashing monster eiooth- 
bores cannot be made to hit the mark, whereas Mr. Whitworth 
has proved that at a good fighting range of 600 yards he can hit 
his mark to an inch, and can at that distance (and, there is good 
reason to believe, at twice that distance) send his shells through the 
“Warriors” sides. That 600 yards may be fairly called a good 
fighting range will be admitted, when we remember that the 
brave “Agamemnon” at Sebastopol fought all the guns of fort 
Constantine at a range of 500 yards; and the “Albion” signalled, 
“Well done, ‘Agamemnon,’ where you lead we will follow.” 
With regard to the 120-pounder gun itself, it should be explained 
that it was made at Woolwich, under the able superintendence of 
Mr. Anderson, at Mr. Whitworth’s own request, and accordin 
to drawings supplied by him. It has the same bore (7 inches 
as the Armstrong 110-pounder, so often tried against the 
“Warrior” target, and found, as Sir W. Armstrong said, “ not to 
be effective.” lt is a built-up gun, and its hoops are made of 
coiled iron welded; but that method of manufacture was adopted 
by Mr. Whitworth in the first built-up gun that he made, 
and by many other makers of guns many years ago; Mr. Whit- 
worth has since employed, by preference, the homogeneous 
metal, which he found to answer perfectly for small arms and 
field guns, as well as for the penetration shells which have been 
described. 

Practical improvements have been made in the process of forg- 
ing and annealing the metal, which enable it to be worked in 
masses of any required size, whose quality may be henceforth 
depended upon with certainty. The Whitworth heavy guns are | 
now being made with both interior tubes and outer hoops of 
homogeneous metal of the improved manufacture, so that the 
guns will be constructed throughout of one uniform metal, with- 
out any welding at all. Experience justities the expectation that 
they will be free from the objections which it is well known are 
inherent in all welded guns, and be fully able to resist the severe 
and searching strain which is sure, sooner or later, to disable a 
gun built up of forged coiled tubes, if it be called upon to do its 
full work by discharging heavy rifled projectiles at the most 
efficient velocities. 


Dec. 1, 1862] 


REVIEWS. 

The Iron Manufacture of Great Britain. By W.Truray, C. E. 
Second edition, revised by J. AnTHDR PHILLIPS and WILLIAM 
H.DonMas, C. E, 4to. London: Spon. 1862. (Second Notice.) 
We now resume our notice of this valuable treatise, * The 

author, while bringing large experience and very extensive 

observation to the treatment of his subject, has confined himself 
throughout to a practical view of it. He does not much affect 
theory, and deals with chemistry so far only as is manifestly: 
necessary to a due understanding of the various processes de- 
scribed. We of course cannot expect in this work any account of 
the more recent productions of the steely irons; but it furnishes 

a very interesting and instructive history of the general and 

long established manufacture of iron in every stage. We propose 

to give an extract or two, referring our readers to the work itself 
for fuller information. 

The influence of damp or dry weather on the produce of the 
blast furnace is important:— 


**'T'he effecta produced on the quality of the-metal by changes in the 
atmosphere are both serious and constantly recurring. It is known that 
the metal produced in winter and spring is, on the whole, superior to 
that produced in summer and autumn, and that the difference of quality 
is due to the condition of the atmosphere in these seasons; the immediate 
cause however is not so well understood. 

We have already stated that the introduction of water into blast fur- 
naces is attended with the moat prejudicial effecta. At certain seasons 
of the year the atmosphere contains a considerable quantity of water, 
which is forced into the furnace through the tuyeres along with the 
blast; at other periods the materials collected for smelting are saturated 
with rain falling on them, and water is thus also conveyed into the fur- 
nace, but through the throat, so that at certain times water is discharged 
into the furnace at top with the materials, and at bottom with the blast. 

* * * * a * 


The quantity of water disc into the furnace through the 
tuyere will depend on the consumption of blast and quantity of moisture 
in the qim ud For dark grey pig-iron the consumption is 25 tons of 
air per ton of metal made. Estimating, then, that the make is 120 tons 
weekly, the consumption of blast will be 3000 tons, Now, according to 
the most trustworthy authorities on the composition of atmospheric air, 
it appears that in ordinarily dry weather it contains 1°42 per cent of 
moisture. At this rate, then, the water in 3000 tons of air will amount 
to nearly 43 tons. This, however, refers to comparatively dry sir. The 
generally moist atmosphere of this country contains at periods full twice 
this per-centage of water; on such occasion, the volume of water 
discharged into the furnace along with the blast will not fall far short of 
100 tons weekly, or from 50 to 90 tons above the quantity discharged 
into it in favourable seasons. 

If to the quantity discharged into the furnace along with the blast 
there be added the quantity entering with the materials at top, it will be 
seen that there are periods when, from a euperabundance of moisture in 
the atmosphere, the enormous quantity of 160 tons of water is discharged 
weekly into a blast furnace, making 120 tons of metal, and that under 
ordinary circumstances the quantity entering is equal in weight to the 
make of iron. The deteriorating effecta which such volumes of water 
produce in the quality of the metal are very apparent. With a dry 
easterly wind, the quality and make will be greatly superior to that 
obtuined when the wind is from any other point of the compass. A 
sudden shift from east to south-west occasions a deterioration in quality 
from dark to bright grey, and if the alteration continues, from grey to 
mottled and white. Thus the importance of a dry atmosphere for blast 
furnace operations can scarcely be overrated.” 


In our notice of the former edition (vol. xix. p. 149) we con- 
sidered at some length Mr. Truran’s views as to the merits of 
the hot blast, and also as to the employment of the heat carried 
off by the escaped gases, we therefore need not further refer to 
the portions of his work in which these subjects are dealt with. 
But our author's views as to the relative size of the throat of the 
blast furnace are so important as to demand our full notice:— 

“ The diameter of the throat or filling place is a matter of the greatest 
importance to the working of the furnace. It influences the make and 
yield more than any other dimension; and yet it receives little attention 
in designing the furnace. Local custom is generally considered the 
safest guide and yet it is a matter which above all others is likely to 
cause logs and create difficulty in the working of the furnace, 

In the old blast-furnaces the top was generally narrow, the breadth 
acarcely averaging one-fourth of the diameter of the furnace; and in 
Staffordshire, Dez yshire, and other districts, furnaces are still in opera- 
tion. with throats bearing this proportion. In other furnaces in these dis- 
tricte a width of one-third of the diameter at the boshes is considered 
sufficient, The breadth moet common in Scotch furnaces erected or 
altered within the last twenty-five years is one-half the diameter of the 
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furnace—extended, however, in some instances to as much as two-thirds. 
In the Welsh district the breadth ranges from one to two thirds of the 
diameter; but the proportion which prevails in the majority of the Welsh 
furnaces is one-half or nearly so. 

Although it is now generally admitted by smelters that with a narrow 
throat & furnace will not carry as much burden or work as well as with & 
wider one, the largest throats hitherto constructed have not exceeded 
10 feet. This appears to be considered as a maximum width. But if 
the enlargement of the throat from one-fourth or one-third of the dia: 
meter of furnace has been productive of advantage, what is to prevent 
further enlargement still leading to improved reaulta. 

With the narrow-throated furnace formerly employed in smelting, the 
average yield of coal to each ton of pig-iron was 6 tons. By increasing 
the diameter of the throat to one-third of that of the furnace, and using 
a more powerful blast, 4 tons were made sufficient; increasing it again to 
one-half, the yield diminished to 2} tons. We believe that after making 
every allowance for the operation of other causes, three-fourths of this 
saving in fuel must be attributed to the enlargement of the throat, and 
that by continuing the enlargement a further saving might be effected. 

In support of this opinion we may adduce the effect produced by & 
narrow throat at one of the Dowlais furnaces. The diameter of this 
furnace at the boshes was 18 feet, and it formerly worked with a throat 
9 feet in diameter. Repair being necessary, the furnace was blown out, 
new hearth and boshes put in, and a new lining carried up beyond the 
boshes, but on approaching the top the curve of the section of the body 
was quickened, so that the width of the throat was reduced to 6 feet, or 
one-third of the diameter of the furnace. Prior to the alteration this 
furnace had been in blast fifteen years; the average make was 90 tons of 
pig-iron weekly, and consumption 45 cwta. of coal to the ton. After the 
alteration the make became irregular, varying from 50 to 70 tons; the 
consumption of coal rose to 70, 80, and even 90 cwta, per ton of pig-iron. 
The quality of the iron also was excessively bad, and the loss of metal 
in the dense black scouring cinder produced was very great. The 
average yield of coal with this narrow throat was mear 4 tons, but if the 
deterioration in the quality of the metal be also taken into account, the 
consumption may be fairly considered as just twice the quantity which 
would have sufficed with a wider throat. Yet this proportion of throat 
is not less than may be seen in numerous furnaces in England. 

As more satisfactory resulta could not be obtained, the materials in 
the furnace were let down nearly to the boshes, and the upper portion of 
the lining taken out and placed farther back, and a throat of the original 
width—9 feet—obtained. With this enlarged throat the make of the 
furnace has several weeks exceeded 170 tons, and for & period of six 
months has averaged more than 160 tons, the yield of materials being 

ood. 

3 There was one other circumstance connected with the working of this 
experiment worth recording. Whenever the furnace was let down and 
maintained at a depth of 7 or 8 feet, so that the throat was practical 

enlarged, partaking of the diameter of the furnace at the level of the 
materials, the yield and make greatly improved. The former would be 
as low as 59) cwta., while the latter rose to 80 and 85 tons. This circum. 
stance clearly pointe to the confined throat as to the cause of unsatis- 
factory results. Other narrow-throated furnaces have yielded similar 
resulte under our observation, working better when the surface of the 
materials has been kept a few feet below the charging plates. 

Where narrow throate are in use we need only to refer to the velocity 
of the upward current to find a sufficient cause for the diminished 
reducing power of the fuel in the lower regions of the furnace. The 
volume of gas produced there being the same, the velocity of escape 
through the throat will be in an inverse ratio to ite area, and may be 
calculated with sufficient accuracy to show the beneficial effects which 
must arise from larger throats. id * * Nd * * 

The consumption of fuel in the throat by the rapid draught explains 
the superior produce and yield when the materials are let down a few feet. 
The expansion of the furnace at the lower level affords a larger area for 
the ascending column of gases; they consequently pass through the upper 
stratum of materials at a reduced velocity, and escape through the narrow 
throat unimpeded by the materials. 

But a reduction of the velocity of the current of escaping below 
the minimum above stated—2830 feet per minute— would doubtless be 
attended with beneficial results. A portion of the fuel now consumed in 
the throat would remain available for smelting, and the yield of carbon 


' to iron might eventually be reduced considerably below 2 ib, of carbon to 
charcoal 


1 Ib. of iron. We observe, from a drawing of the Baerum 
furnace in Norway, that the throat is two-thirds of the largest diameter. 
The yield of charcoal is a little more than 1 lb, per lb. of iron. May not 
the superior reducing power of this furnace be partly attributed to the 
large throat? for in many other respects the mechanical arrangements are 
inferior to those in use in this country. * > * ey of * 
We are of opinion that the time is not distant when the contracted 
top will be altogether abandoned, and the interior wall of the furnace be 
built vertically from the boehes upwards. By such a construction a 
minimum temperature would be maintained at the surface and through- 
out the upper stratum of the materials, The velocity of the issuing gases 
would be reduced to about 600 feet per minute—a draught too slow for 
88 
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the combustion of any portion of the fuel in the upper regions; conse- 
quently the yield of would improve. The diameter remaining con- 
stant, the capacity also would be y increased, and the make, with a 
corresponding increase of blast, would be au, ted in the same ratio. 
Furnaces of 275 cubic yards capacity would be enlarged to 340, and those 
of a smaller capacity in a similar proportion." 


In a section “On the use of Raw Coal in Blast Furnaces,” 
Mr. Truran expresses the conviction that the enlargement of the 
throat of the furnace would enable all the coals now employed in 
iron smelting to be used without being previously coked. 
Attributing to the high temperature in the throat, consequent 
on its generally small area, the liability of bituminous coals to 
cake, and of semi-anthracites to split and crumble when first 
introduced into the furnace, the author considers that with a 
throat of equal or even larger diameter than that of the furnace 
at the boshes the kinds of coal at present generally coked might 
with advantage be used raw, and that even comp peat 
might be successfully employed:— 


'* If reference be made to the proportion which the throat bears to the 
diameter of the furnace, it will b seen that for every 100 feet of hori- 
zontal area in the furnaces in the bituminous district the throat has an 
area of 16 feet; in the semi-bituminous and semi-anthracite the proportion 
is increased to 25 feet; in the anthracite to 44 feet. Furnaces with a 
proportion of 25 feet are unable to smelt advantageously with a coal defi- 
cient in bituminous matter, unless previously coked; but when.the 
proportion is increased to 44 feet the pure anthracite itself is employed 
raw. We have only to go from Hirwain to the Neath Valley to see the 
beneficial effects on the coal which would follow from an inconsiderable 
t of the throat. 

We have hitherto advocated an ingrease of the diameter of the throat 
to equal that of the boshes, which would make the upper portion of the 
furnace cylindrical; but with anthracite we cannot proceed too cautiously 
in communicating an increase of temperature. We have no question but 
that in furnaces for smelting with this coal the enlargement may be bene- 
ficially extended until the throat is one-fourth, or one-third, greater in 
diameter than the boshes. The result of this will be that the velocity of 
the issuing column of gases will be reduced, and a minimum temperature 
maintained. The area then allowed for the escape will be four times 
say s lage das of persons engaged in the 

ya ol ns en in iron trade it is su 

that anthracite cannot be advantageously used unless with balls | comes 
This is an error, and it arose from the defective blowing-machinery 
originally employed. To show how insufficient the first blasts were, we 
may mention that there is a t extant for using a cold blast of more 
than 24 lb. to the squere inch with this coal. With a cold blast of this 
and greater densities quantities of cold-blast iron have been smelted. 
But while furnaces having the contraction at top arc employed for smelt- 
ing, the hot blast will be the most economical in the yield of coal. The 
diminished volume of blast employed, consequent on the caloric thrown 
into the furnace, causes a diminished draught, and reduced temperature 
at top. 

The saving attendant upon the advantageous use of raw ooal, together 
with the economy in the consumption of the oval itself, consequent on the 
reduction of temperature of the furnace throat, will reduce the cost of 
smelting fully one-half. In the bitaminous coal districts of Monmouthshire, 
the Midland Counties, and Scotland, the conversion of the coal into coke 
is attended with such waste that from 34 to 4 tons of coal are required 
for each ton of foundry-iron produced. The proportion of carbon ranges 
from 76 per cent. in the inferior bituminous varieties, to 92 cen#, in 
the anthracite. The present system of coking is attended with the com- 
bustion of from 10 to 50 per cent. of this carbon. Since the proportion 
of carbon determines the value of the coal for smelting purposes, the 
retention and combustion of the entire quantity in the furnace will be 
attended with a proportionate generation of heat. 


The suggested form of furnace will permit of raw coal being used, and, 
by economising the coke and retaining the entire quantity of carbon for 
combustion in the hearth, it will render 20 cwt. of raw coal more 
effective than 84 tons converted into coke, and afterwards consumed in 
furnaces of the present form. 

The widening the top of the furnace, so as to insure a reduced tem- 

ture, will be highly advantageous to smelting with compressed peat. 
Tae tracta of this valuable fuel exist in the vicinity of deposits of the 
richest iron ores, but hitherto all attempts to use it in the blast furnace 
have failed. The best specimens contain large quantities of volatile 
matter, and, unless previously well dried, injurious quantities of water. 
The rapid evolution of these in the blast furnace of the present form 
causes a greater or leas destruction of the coal, while, from the high tem- 
perature maintained, a portion of the carbon is consumed. In the same 
proportion as the coal is weakened and carbon consumed are ite smelting 
powers reduced, and the yield per ton of iron a nted. And from the 
moisture and generally large per-centage of ash, the increased x 
becomes fatal to the economy of smelting with this fuel The 
residuum of sah requires for its fusion a corresponding quantity of lime- 
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stone. Hence the quality of the iron is contaminated by the excess of 
earthy matter present. 

With the improved form of furnace the diminished temperature at top 
would favour the retention of carbon. The fuel also, being subjected to 
a great pressure long before its temperature is elevated to a red heat, the 
cohesion of its particles will be insured, and its ability to stand a blast of 
tbe in in Sey will be little inferior to that of k Ebr, 

U; favourable circumstances we have no doubt but 30 cwt. of 
well-dried psat will smelt a ton of pig-iron.” 


The volume concludes with a very interesting section, headed 
“Sundry Notes on Iron Making" Among other matters a v 
clear and instructive account is given of the production of the 
fibrous or laminated forms of wrought-iron, and alao of a third 
form presenting a fracture neither fibrous nor laminated:— 


“Plates made from piles of No. 2 bars, laid alternately along and 
across, are nearly devoid of this laminated fracture. For its production 
the bloom requires to be rolled between cylindrical rolls offering no 
opposition to the extension of the pee in any direction. If rolled from 
cross- built piles plates are raga ike devoid of the fibrous and laminated 
structure. Thus, we are enabled to judge from the fracture of the iron 
the manner in which a boiler plate has been manufactured. 

The greater value, for numerous purposes, of iron rolled from piles 
having a portion of the bars laid at a right angle to the others, is not 
generally understood either by the manufacturer or consumer. Such iron 
is harder, denser, and greater tensile than iron other- 
wise prepared. Fibre is generally considered an indication of strength, 
and in the ordinary way of manufacturing, the quantity of fibre developed 
does determine the value of the iron. For it can only be produced by re- 
peated rollings and the expulsion of the extraneous matter combined with 
the iron. But while the presence of fibre is an indication of superior 
quality, we cannot accept it as a measure whereby to estimate the quality 
of bar iron generally. Iron may be of an excellent quality and yet 

no fibre. If the fibrous character determined the strength of the 
iron, steel, the purest form in which iron exists in commerce, instead of 
being the strongest, would rank as the weakest. Iron manufactured 
from crosa-laid piles possesses many of the properties of steel. It is hard, 
the structural arrangement of the iron is more dense, and thie specie 
gravity is superior to that of iron rolled from piles built in the ordinary 
way. strength is increased in the same, or a greater, ratio than the 
specific gravity. Hence, for boiler plates and other p , iron manu- 
factured in this manner, though devoid of either fibre or laminm, possesses 
a ter tensile strength, and consequently should have the preference. 
superior density of the iron thus made is easily explained. In the 
ordinary way of rolling the extension is in one direction only; the original 
fibres are lengthened at each rolling, and no resistance is offered long 
tudinally to the degree of extension. In the bar manufactured from 
cross pile the pressure exerted by the rolls acts endways on the portion 
laced across the pile, compressing the iron to one-third of its former 
length. The density sppears to be greater than is due only to the pres- 
sure on the crose-piled portion, and is probably the effect of the interlac- 
ing of the fibres in the bar when at the half-finished stage. The 
difference in the iron produced from qrdinary piles and that produced 
from cross piles is very similar to the difference observed in iron drawn 
out by & continuous hammering in one direction, and that produced by 
alternate extension and compression by tnrning the end. To produce a 
dense solid iron the upsetting is abeolutely necessary. 

In the puddling forge the good effect of the upsetting on the bloom is 
fully achnowledged. "Tf the quality of the iron is thus early improved by 
pressure in this direction, it is very evident that a tition of the up- 
setting process at each subeequent rolling will result in a corresponding 
improvement. The upsetting in the mills, however, is best performed, 
as we have shown, by so disposing the greater portion of the iron that it 
may be thus acted on by the rolls. 

Fibre is produced by rolling or hammering the iron when hot, and by 
no other means. But the fibrous character of malleable iron may be 
destroyed while hot by altering the direction of elongation, and while cold 
by hammering, concussion, and vibration.” 


The following are the views of our author on the mixture of 
wrought-iron scraps with cast-iron by fusion, and on the effect of 
repeated re-meltings:— 


“The tenacity of cast-iron of a low specific gravity, and consequent 
inferior quality, may be improved by remelting and incorporating in it 
wrought-iron scraps of a superior tenacity. But the improvement in 
quality by this treatment nearly disappears when the cast-iron is of a 
high specific gravity. And of the improvement occurring to irons of low 
quality, debased by the nce of an excess of carbon, by far the 
largest portion is due to the increase of density and consequent greater 

_purity which follows on the partial oxydation of the volume of carbon 
during the operation, 

The superior strength of air-furnace castings is generally acknowledged 
by iron founders; but the common explanation of its being due to & 
greater homogeneity, consequent on the remelting of the crude iron, is we 
consider altogether erroneous, and has arisen from a deficiency of export 
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mental researches on the subject. We have found that the simple operation 
of remelting invariably increases the density and tenacity of crude irons of 
grey quality, the improvement being with those containing the 
largest volume of carbon; and that a second remelting results in a further 
increase of these qualities, which continue to augment with successive 
remeltings until the iron has attained a high degree of refinement and 
increased its tensile strength by fully one-half. The number of remelt- 
ings necesssary to the development of the tensile powers of the metal, 
varies with, and is directly proportionate to the volume of carbon to be 
liberated, but may be largely reduced by prolonging the period during 
which the molten iron is exposed to the decarburising influence of the 
reverberated gases. With, white irons from blast furnaces consuming a 
minimum quantity of fuel, the improvement is not so marked. Contain- 
ing a leaser volume of carbon, with a greater quantity of metalloids more 
difiouk of oxydation, the act of remelting is attended with a larger waste 
of metal in proportion to the volume of impurity removed. Since, there- 
fore, the maximum tenacity is not attained with a single remelting, and 
microscopic examination fails to detect any irregularity in the structural 
arrangement of the blast-furnace iron, we conclude that the superiority of 
air-furnace castings is principally due to the greater purity of the metal 
which necessarily resulta from remelting. 

But while maximum tenacity is attained only by remelting and 
mechanical subsidation, the operation results in a corresponding depri- 
* vation of fluidity, and the iron so treated, after the third or fourth fusion, 
is not adapted for small castings, or the filling of sharp angles in larger 
ones. And with a succession of remeltings, all cast-irons, especially the 
hot blast varieties, and such as have been produced from a burden com- 
posed wholly or partly of hematite, are subject to unequal contraction in 
cooling, sinkings on the surface, and, where the pieces are angular and of 
large dimensions, they are rarely solid throughout.” 

The original work is too well known for much recommenda- 
tion to be necessary. Whatever improvements may be intro- 
duced from time to time, Mr. Truran’s authentic record of the 
iron manufacture of this country as observed by him will always 
possess much interest and value. 


————< 


ROYAL INSTITUTE OF BRITISH ARCHITECTS. 
President's. Inaugural Address. 


At the opening meeting of the session of the Royal Institute of 
British Architects, on Monday, the 3rd ult., 

The President, W. Trrg, Esq, M. P., delivered the usual intro- 
ductury address, and congratulated the Institute therein upon its 
continued flourishing condition and prospects. Reviewing the 
occurrences during the past session, he lamented the loss of its 
patron, his late Royal Highness the Prince Consort, whose 

werful influence had arar been used, to the best of his ability, 

or the promotion of art and science. To him was owing the idea 

of the International Exhibition, so recently closed. As to the 
manner in which that building had been carried out by the 
engineer to whom it was entrusted, it was dee ly to be deplored 
that it tended little to the credit of British cosh testis “Asa 
shed,” “tolerably well lighted,” and “suited for the display of the 
goods in it,” it had answered ita purpose. But the arrangements 
of the plan were far from satisfactory, and in every sense of 
architectural or artistic treatment it was seriously defective. As 
President, therefore, of the Institute of British Architects, he dis- 
claimed, for the profession, that any judgment as to the present 
condition of English architecture should be founded upon it. 

A very satisfactory circumstance during the past year was the 
invitation, by desire of her Majesty herself, to several of the 
members of their Institute to consider and report upon the pro- 

memorial to Prince Albert, by which act the profession 

ad been duly recognised; and he confidently felt that those to 
whom the preparation of the designs had been entrusted would 
do pes to the opportunity. He took occasion to warn the 
profession that in these days of progress they must not allow 
themselves to be trammelled by servile adherence to precedent, 
but that they must seize and adapt to their own uses the advan- 
tages offered by the numerous new materials and discoveries of 
the present day, since otherwise they could not hope to influence 
the publicas they undoubtedly ought. Upon the question, how 
this influence was to be exercised so as to promote art education, 
some observations were made; and the lectures by Mr. Smirke 
and Mr. Soott, at the Royal Academy, and those delivered at this 
Institute, valuable in their way, were considered necessarily to 
have but a limited effect; and he thought it desirable that popu- 
larly written courses of lectures should be given at but small 
cost, for the purpose of ditfusing taste, and educating the public 
in the principles of art, but particularly for the sake of workmen 
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and those who have to execute desi and whose deficiency in 
by appreciation of their spirit, architects have so constantly to 
leplore. 
E he weg ae E in foreign citas aie 
russe) were, if not leled, to a great extent pro 
be so in London at the present time, The Thames Embankment 
was one scheme of great magnitude and importance, and it was 
much to be hoped that it would be carried out in a manner that 
might embellish the metropolis. The several new bridges were 
reviewed and considered to be generally, however scientifio, want- 
ing in architectural truth and beauty, while several were 
absolutely ugly. The numerous private buildings lately erected 
in the City were commended for their many various architectural 
merite, which far more than counterbalanced any defects of 
detail which some certainly present, and they were contrasted 
enerally in,a very favourable light with most of the public 
Buildin that have been erected. 
The deaths of several members of the Institute during the 
m were announced with regret, as also that of Mr. James 
alker, the eminent engineer, and others of that body; and 
after some remarks upon sundry arrangements of the business of 
the Institute, concluded an address, which was listened to with 
marked attention and applause Miroug bene 
Mr. Digby Wyatt, Fellow, in the absence of Mr. T. L. Donald- 
son, Fellow, then read a short memoir, com by the latter, of 
Monsieur Charles Frederic Nepveu, architect, of Versailles, 
deceased, whose devotion to his patron, King Louis Philippe, 
after his fall, was contrasted with his somewhat sturdy mainte- 
nance of his own views in his previous relations with that king, 
in a manner which greatly redounded to his credit. 


November 17.—A paper read consisted of “Some Remarks 
on Colour and Coloured Decoration,” by T. Harter Lewis, 
Fellow. 

Prefacing that theories of colour were all of moderate date, 
while practical excellence in its treatment was almost exclusively 
to be found in the works of ancient masters, * ignorant even of 
the prism,” the author reviewed the treatises of Chevreul, Field, 
Sir G. Wilkinson, Redgrave, Owen Jones, and others, and con- 
sidered that they contained much valuable information, but no 
rules for the safe guidance of the colourist, for such, when at- 
tempted to be ednced, were found to be constantly demolished 
by the variety in nature; neither could art be confined in such 
bondage. He had himself given much time to the apalysis of 
the facts stated by the above writers, and made many curious 
experiments, which were detailed. Iu the course of these he had 
been much struck by the strong neutrality of nature colouring, 
and its sparing use of the positive colours. Referring to the idea 
that it is necessary to maintain a relationship between the colour- 
ing and the material on which it is applied, he had no faith in it, 
and did not find that it had been attended to by the old masters, 
who used colour lavishly, even covering with plaster and paint- 
ing marble, stone, and wood, e. g. Girgenti, Fountains Abbey, &c. 
The first thing in decoration is to help out the design, not seizing 
bare surfaces as mere grounds for colour; then to consider how 
far the actual materials can be used to give the key-note, as they 
generally may in skilfal hands; and it ia the architect who alone 
can and should be entrusted to decorate his own structares. To 


, cover every portion with colour, as in the Sainte-Chapelle, Paris, 


is not so satisfactory. In the cathedral of Spires the plain stone 
columns are left, with better effect, to give repose to the rest of the 
wall-surface, which is gorgeously painted. In such composi- 
tions it is desirable that the glass shonld be painted as well; the 
want of this is paiufully felt at Monreale and in St. Mark's; it is 
a mistake to think that the light transmitted through them will 
interfere with paintings on the walls. We may look for good 
precedents for our practice to Palermo, Monreale, the Baptistery 
at Florence, &., where gold and marble mosaics, the finest ma- 
terial for decoration, are profusely and admirably employed, 
together with frescoes; and it should be noticed how the richness 
is increased from the floor upwards, and not, as in modern rooms, 
from the ceiling downwards, and how, as in the halls at Palermo, 
Venice, and Rome, the paintings are fitted and framed into the 
walls, instead of being hung upon them as if for sale. The im- 
portance of painting decorations being made to suit the building, 
and, in fact, to be designed by an architect, may be seen by the 
contrast between the old mosaics of Bt. Mark and those of the 
Renaissance painters in the nave; but then the architect must 
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B rid and become competent to undertake it as were the men of 
old. 

With regard to external decoration in colour, buildings in 
towns, it was said, called for a different treatment to those in the 
country; and as time and climate seriously affect applied colour, 
the natural tints of materials are the safer to use; and we have 
numerous examples of every age of their employment in this 
manner. These were briefly reviewed, and the subject com- 
mended to the careful consideration of the meeting, which was 
then adjourned to the Ist of December, when a paper will be read 
by George Edmund Street, Fellow, “On the Church of St. 

ichael, Penkivel, Cornwall, and its Restoration.” 


————,95— ——— 


THE SOLID-BAR LINK-MOTION. f 


TO THR RDITOR OP THE CIVIL BNOINBBA AND ARCHITECT'S JOURNAL, 


Sır—Having had the pleasure of seeing this modification of 
Link-motion applied to marine engines in the Exhibition, I bave 
waited with some degree of curiosity to see who would come 
forward and claim the invention as his own, In your Journal of 
this month I perceive Mr. Nasmyth appropriates tlie invention, 
and relates the circumstances of its introduction by him in 1852. 
Perhaps others may do so also; but with all deference to Mr. 
Nasmyth, I beg to inform you (and may I ask a place in the 
columns of your Journal to inform its readers) that in the capa- 
eity of Locomotive Engineer for the Ardrossan Railway Go, 
I contrived, modelled,and constructed, in 1851, a Solid-bar Link 
Motion for a locomotive (the “ King Coil”), which I rebuilt on the 
Company's premises. I had this engine running early in 1852, 
and need scarcely add it gave entire satisfaction. 

Iam, &c., 


WILLIAM ROBERTSON, 
92, Mid Abbey Street, Dublin, 
November 25, 1862. 
<r 


CLASSIFIED LIST OF PATENTS SEALED IN NOV. 1862. 


1440 Johnson, J. H.—Purification of oils {a com.)—May 18 

1455 Dencon, H.—Mannfacture of colours— May 14 

2350 Newton, W. E.—Pruducing light ‘a com.;—August 27 

2176 Newton, W. E.— Lubricating compounds ‘a com.)—July 81 

1883 Cochrane, C. — Manufacture of alutnin;te of soda and potash—June 27 
1335 Peyrouse, L. De la, —Treating fatty substances, resins, &c.—May 8 


1484 Lamiabie, A. iW erro du and wrought-iron to obtain cast-steel— May 16 

1314 Herdman, E., A. F., and J.—Manufacture of wrought-iron, steel, or combined 
wrougbt-iron and steel plates—May 3 

1312 Sno a; T.— Manufacture of steel tyres, hoops, and cylinders, &c. (a com.)— 

ay 

1699 Parsons, P. M —Ordnance- June & 

1335 Burley, R.—Ordnauce— May 5 

2445 Cowan, B. F. — Cannon and other fire-arme—September 4 

1544 Needham, J.—Breech-loading fire-arma, &c.— way 22 

2506 Richards, W.—Pire-arms and oartridges —September 11 


1399 Brooman, R. A.—Apparatus for superheating steam ia com.)- May 2 

1337 Roscoe. J. — Lubricator for steam engines— May 6 

2077 Meriton T.— Steam engine governors and speed regulatora—July 23 

2145 Colburn, Z.- Steam pumping engines—July 29 

1576 Hauddurt, G. A.— Superheating steam— May 26 

2348 Monson, C.—Repeating rotary engine—A ugust 22 

1895 Hirst, J., and Taylor, E: O.—Evaporating water and other fluide—May 28 
1830 Adamson, D., and Leigh, L. -steam boilers, &c.—June 20 


1598 Simpson, J.— Apparatus for producing mouldiugs—May 28 

136% Combe, J .—Drawing into slivers, flax, bemp, jute, &c.—May 7 

1291 Huntington, W., and Huntington, T.—Manufacture of brend —May 2 

1239 Douchaín, 6. P. A. — Letting in or shutting off water, &o.— May 1 

1344 Mills, H.— V ashing machines May 6 

1347 Chenaillier, P. —Concentrating liquids—May 6 

1309 Ormerod, E., and Schiele, C. —Cuttiug or dressing stones—May 8 

1351 Bourdon, E.—Blowing fans—May 7 

1708 Newton, ^. V. Knitting machinery (a coin.) —June 6 

1495 Nonton, A. V.—Machinery applicable to cutting out boot and shoe soles (a com.) 
—Mayl 

1458 Sissons, W.~ Machinery for driving piles by means of steam hammers—May 16 

1547 Chiids, A. B. — Wringing ines (a com. ;— May 22 

1432 Ardrey, S. B., and Beckett, 8.—Manafacturing spindles— May 18 

1409 House, J.—Crushing or reduciug eubatances— May 10 

1404 Moore, K.— 3 pparatua for indicating tbe presence of 1 quide, gases, &c.—May 10 

1517 Newton, a. V.—Splitting leather (a com.) —May 19 

1494 Newto', A. V.— Machinery applicable to the cuttiug of leather, &c. (a com.)— 


May 16 
1878 Southwood, W.—Pulverising ores - May 8 
1472 Wright, J.—Machiuery for digging, excavating, &c. (a com.)-——May 15 
1421 Firman, H.—Washiog and clea: textile fabrics, &c. (a com.)-—May 12 
1447 Southwood, W.—Manufacturing nails - May 18 


1492 Stocken, F.—Carriages — May 16 

PL ATH J.—Apparatos for measuring distances travelled by wheel carriages— 
ay 

1807 Juhel, H.—Wheela (a com.)—Mny 8 

1559 Oxley, J.—Making wheels— May 22 
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1448 a 'W.—Generating motion in fluids, applicable for raising water (a com.)— 
y 15 

1859 De Berrille, C. V. P. — Coupling bar—May 7 

1467 Dicker, J.—A pparatus for delivery of bags from railway trains—May 16 

1800 Whitworth, C. F. —Apparatuses for signalling on railways—May 2 

1865 Johnson, J., and Chapman, A.—Apparatus for preven! collisions on railways 


-—Mayt 

1872 Marchal, D., and De Wiart, A. C.- Method of preventing effects of vibration or 
jar on the permanent way of railways, &c.—May 7 

188 D/Aubreville, L, —Metallic croas aleepers for railways (a com.)—May 9 


1466 Jouvin, J. P.— Preserving iron plated vessels—May 15 

1860 Colomb, P. H.—$ignalling—May 7 

1301 Paul, M. - Windlnsaes an: capstans—May 2 

1448 Latham, R. M.— Steering apparatus (a com.)—May 18 

1424 Cartwright, H.—Propelling and mooring serow steam vessels— May 12 

1425 Hutchinson, W. N.—Screw propelled ships— pii 12 

1477 Watney, A.- Constructing ships, vessels, and other structures iutended to resist 
shot -may 15 

1595 Hudson, C. H.— Defensive armour— May 27 

1881 Lungley, C.— Apparatus for manq@uvring ships and veasela—May 8 

1627 Kennedy, J.—*hip propellers—May 20 

1405 Moore, H.—Structure of ships and other vessels—M ay 10 ` 

1493 Sharpe. B.—Construction of ships and vessels, masts and spars— May 16 


1869 Bousfield, G. T.—Tilling by means of a digging locomotive (a com.}— May 7 
1878 McCann, J.—Drying, cooling, and cleaning grain—May T 
1855 Ransome, J. E., Copping, W., and Lansdell, L.—Harrows—May 6 


1287 Swallow. J., and Allinson, J.—Carpet fabric—May 1 

1348 Clarke, J., and Richmond, J.—Looms—May 6 

1845 Morel, A.—Heckling machines— May 6 

1821 Mellodew, J., and Mellodew, l'., Kesselmeyer, C. W.—Looms—May 3 

1823 Heyworth, J. — Looms — May 8 

1894 Fawcett, T. — Pinited fabrics for shirt fronta—May 9 

1457 Whittaker, E., and Clarke, J. pisi opes &c. to be spun— May 14 

1568 Harrison, W., and Harrison, J., and Oddie, and Parkinson, W.— Machinery for 
winding. aizing, &c.—May 26 

1665 Harrison, J., and Parkinson, R. — Rollers for preparing, spinning, &c.— May 26 

1406 Cooke, J. T. — Battens used in weaving—Nay 10 

1427 Ashworth, H. — Opening aud carding cotton, &c,.—May 12 

1564 McG r, P.—3pinning and doubling cotton, &c.-—May 23 

1055 King, J., and Partington, J.— Looms June 3 

1501 Broadley, J.— Weaving— May 17 


2338 Callebaut, C.—Sewing machines — August 20 


1390 Mace, T. K.—Guards or protectors for hats—May 9 

1400 Haseler, G. C.—Lockets, and application of parkesine ag a substitute for glass 
—May 10 2 

1831 Brindley, F. R.—Fiasks, decanters, bottles, &c.—May 5 

1607 Johnson, J. H.— Tinned lead pipes (a com.) — May 28 

1867 Brooman, R. A.—Swiugs (a com.)— May 7 

1351 Greaves, W.—Stirru rs— May 6 

1311 Herdevin, J. M., aud Julien, J. A.—Sluice cocks—May 8 

1858 Clark, W.— Buckle or fastening (a com.j—May 6 

1382 Grimes, G. C.—Cigar lighta— Nay 8 

1325 Williams, A.—Form or seat, capable of being converted into a table—May 5 

1488 Davies, G.—Ribs for umbrellas and parasols (a com.)—May 16 

2172 Ransom, J. and E.—Mounting mill «tones—July 81 

2526 Newton, A.—Sleeking, creasing, and raising leather (a com.)— September 18 

1412 Cristofini, J. B.—Tents -May 10 

1469 Birkbeek, G. H.—Apparatus for consuming smoke (a com.)—May 15 

1416 Milnes, J.— Apparatus fo1 exercising tbe human body—May 13 

1616 Perks, W.— Metallic saal bars—May 29 . 

1403 Clark, W: = Application of a vegetable fibre, in the manufactare of felted fabrics, 
&c. (a com.) — May 10 * 

1561 Roberta, W., and Gre nacre, T, —Cocks or valvea—May 22 

1500 Hogg, J.—Book cover—May 17 

2488 Hands, F.— Composition for black ornamenta— September 10 

1507 Gore, J. C.— Belt shippers- May 17 

1456 ‘Smith 4. Balavces for weighing letters, &c.— May 14 

1911 Newton. W.—Apparatas for picking or gathering cotton (a com.)— Juue 30 

2093 Keene.C. Apparatus for raising aud lowering canvas on easels— July 23 

3345 Ritchie E. 8. -Mariners compass August 22 

1801 Newton, W. E.—EFlectrical brusbes (a com.)—June 18 

1480 Hazelton, G.—Chume ‘a com.)—May 16 

2418 Nickson, J., and Waddingham, T.—Foundation or ground-work for plaster fer 
ceilings, &c.—September 1 

1438 Wormull, A —Trepanning instruments-- May 18 

1398 Bolton, F. J ra ime AE way 9 

1827 Fabbricotti, B.—Polishing and grinding belt formed of leather (a com.)—June 21 

14:6 Neale, C. J.—Apparatuses for measuring and registering corn, &c.—May 12 

1429 Freeland, A. B. - Treatment of hops—May 12 

1631 Burt, H. P. - Protecting wooden posts from decay—May 80 

1474 Tress, C.— Manufacture of hats, helmets, bonnets, or caps— May 15 

1702 Hadfield, G. - Manufacture of casks or barrels- June 5 

1810 Wigzell, M.— Bolts and other fastenings for shipbuilding, &c.—Jane 19 

1645 Turnbull, S., and F. — Manufacture of floor clothe — Mar 22 

1415 Walker, H.— Handles for crochet needles, &c.—- May 12 

1808 Blackmore, W.,and Lamb, H. — urning limestone aud generating steam - May 28 

1542 Bastida, £. de La — Production of designa in relievo, &c. (a ooin.)—May 32 

1602 Martindale, E. — Mannfacture of globes and glassea— May 22 

1664 Templar, B. —Apparatus fur registering and indicating billiards and other games 
-June 2 

1754 Jackson, M.—Shield for the gums—-June 12 

1538 Petrie, W, — Vessels for boiling chemical products, &c.— May 20 

1557 Wiley, W. E.—Manufacture of penholdere or pencil cases, &c.—May 23 

1525 Fewtrell, r..— Manufacture of metal tubes— May 20 

1588 Virloy, M. A. Drying and carbonising wood, peat, and other fuel—May 21 

15+9 Ireland, J. — Forming mould for card cylinders — May 27 

1691 Dnífus, J.—Appara‘us for measuring piece or webe—May 37 

1760 Tyler, C. A.— Holder for holding dinner and other plates and dishes — June 13 

1637 Gilbey, A —Packing cases or boxes for boidiug bottles—May 81 

1640 Smaliwood, W T.—Water closeta— way 81 

1600 Cohen, C.— Walking, umbrella, and other like eticks—May 38 


f 


